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WELLMAN 


Auxiliary 
Rolling Mill Equipment 


Below is illustrated the exit end of a Wellman Multi-Strand Continuous 
Pickle Line, for processing low carbon and mild steel hot rolled strip, 
installed at the Works of a large Sheffield manufacturer. The line is at 
present operating with two strands, but will ultimately be arranged 
for four-strand simultaneous processing. 


This is one of the numerous Wellman installations in both the United 
Kingdom and Overseas, designed for the continuous processing of low 
carbon, mild, silicon and stainless steels in a wide variety of gauges and 
widths. 





THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. 
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Automatic Temperature 
ng Equipment 
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USING ANALOGUE TO DIGITAL CONVERSION 
aeseeeeecers 


; ; « 
The Foster Automatic Temperature Logging Te | * Bho) ar ettpee & 
Equipment has been developed to provide an 1 a 
inexpensive and technically simple method of 
automatically measuring the temperature at 
a large number of stations in a process and 
of recording the results 


in digital form. ii ~ 
j O 
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SOME OF THE CAPABILITIES 
OF THIS EQUIPMENT 


Indicates and/or logs the temperatures of up to 
208 thermocouples or Resistance Elements 


The scanning of stations can be arranged to occur 
at selected time intervals and for a selected 
number of the measuring points. 


An external recorder can be connected so that 
a continuous record can be obtained of any point. 


The equipment can be used to record the values of 
quantities other than temperature, provided an 
appropriate sensing element is used. 


Visual and/or audible alarm contacts can be fitted, 
or if the readings are outside the prescribed limits 
they can be printed in red. 


The equipment can be made transportable. APPLICATION 


The typewriter can be replaced by: The equipment can be used with advantage in any process which 
1. a tape punching machine the measurement at a large number of stations has to be 
2. an in-line digital indicator recorded manually. 
3. a column numerical printing machine The capital outlay required is considerably less than that for the 
number of conventional strip recorders required to perform the 
same task ; and the use of this equipment frees staff for other 


For full details contact: 
duties and at the same time ensures accurate logging. 


2 FOSTE GOLDEN JUBILEE YEAR 1960 


FOSTER INSTRUMENT CO. LTD., LETCHWORTH, HERTS., ENGLAND 
Members of B.I.M.C.A.M., S.1.M.A. and S.1.R.A Telephone : Letchworth 984-5-6 Telegrams : Resilia, Letchworth 
Advt/WT/19/F 
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“* Stellite’’ faced dog bits used for handling blooms from furnaces to roller tables 
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Components subjected to severe conditions of heat and scale abrasion 
show life increases of up to 500% when protected with “‘Stellite”’ 
Applications include hot shear blades, twist, guide and entry 
rolls, etc. 

‘Stellite”’ is applied by normal welding processes and the recently 
developed Spray-Fuse and Powder Welding methods. 
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Our area engineer will be pleased to call and give any advice you may require 


DELORO * DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 


STELLITE DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 


The names ‘Deloro’ and ‘Stellite’ are registered trade morks 
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STEEL ROLLS 


FOR BLOOMING MILLS 
Forged and cast steel Work Rolls, 
Composite Back-up Rolls, and COGGING MILLS 
cast steel Back-up Rolls in carbon PLATE MILLS 


or alloy steels to suit the particular 
applications and service conditions 








ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD 
ENGLISH STEEL CASTINGS CORPORATION LTD 


wholly owned subsidiaries of English Steel Corporation Ltd, Sheffield 
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Auction SUCCESSFUL APPLICATION OF 


FERROCLAD 


METAL CASED MAGNESITE-CHROME BRICKS 


Resulting in improved furnace 
performance and reduced 


maintenance costs. 





This photograph showing 

the application of a Maerz Port End 

to a 350 ton tilting furnace is one of a number 
of conversions carried out at the Clydebridge 
Works of Messrs. Colvilles Ltd., by Messrs. 
Priest Furnaces Ltd., Middlesbrough. The 
port end is constructed entirely of Ferroclad 
‘70’ metal-cased chemically bonded basic 
refractories. 


G.R. Ferroclad bricks are manufactured in a range of 

four main qualities to suit requirements—chrome 

(Ferroclad 10), chrome-magnesite (Ferroclad 30), 

magnesite-chrome (Ferroclad 70) and magnesite (Ferroclad 

100). Full particulars and recommendations for the 
application of Ferroclad bricks is 
available on request. 


The manufacture of Ferroclad Typical Ferroclad bricks used in 
rricks is covered by Britis e 1 - ’ : 
No “BAG 290 and ( the r additions Maerz Port End construction 
, My \ ncluding the ‘‘Ferroclip’, the 
Pay) “Tad 


and the ‘EE’ are 


\ covered by British Patent Nos. 
} 46,220, 600,630, 749,491, 778,047, and 
y | 778,048, 


~~ GENERAL REFRACTORIES LTD 


GENEFAX HOUSE - SHEFFIELD 10 - TELEPHONE SHEFFIELD 31113 


December, 1950 5 
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Just leave it on your desk and see 
how quickly the dust collects! Even 
without this collector, the Holmes 
range of dust collection and control 
plant is still one of the most exten- 
sive in the world. Detailed technical 
brochures are available and can be 
had on request. Please ask for tech- 
nical literature GCD/ 24, 


W.C. 


Gas Cleaning Division, 
Turnbridge, 
Huddersfield 


this is a dust collector 


& CO. LTD. 


Telephones: Huddersfield 5280 
London: Victoria 9971 
Birmingham: Midland 6830 


JOURNAL OF THE IRON AND STEEL INSTITUTE 





December, 1960 


GOING OUR WAY ? 
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Steer in the general direction of the GKN Group, and you are heading for a 
complete service in steel. Steer for an individual GKN company, and you are heading 
for specialisation in one or more aspects of steel making or steel working 

For instance... Garringtons are large producers of turbine blades, of agricultural 
implements and of hand tools. But, more than anything, they make forgings 

In this, they are not simply specialists, they are the specialists. Theirs is the biggest 
organisation of its kind in Europe, and Garringtons contribute around one-third 

of the country’s total output of finished forgings 

And so, when people need forgings they are very likely to come to Garringtons, 
Similarly, when they need any other particular steel product or service 

they will be equally well served to come to one of the many other specialists 


within the general framework of the GKN Group. 


THE 7 K4 N GROUP OF COMPANIES 
SPUN LA 


FOR ANYTHING AND EVERYTHING IN STEEL 


GUEST, KEEN & NETTLEFOLDS, LTD., HEAD OFFICE, LONDON WORKS, SMETHWICK 4 














Cost-conscious Engineering 


latest methods of rational steel production is the 
h hot metal is refined into steel of open-hearth q 
yen. The furnace is mounted 
yeable vessels can be emplc iction need 
entrap when rein ssary DEMAG has desia- 
istructed to its own system plants of 75 to 100 ton capa 
ean and overseas Customers 


nat Iting cragie so 
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DEMAG AKTIENGESELLSCHAFT DUISBURG GERMANY 
Representative in the U.K.: Rymag Ltd 


, 197 Knightsbridge, London S.W.7 
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Fume Elumination by Catalytic 
Keduction 
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The Metal-elad Thermocouple 


By J. A. Stevemon, ts 


fnew (pe of metal shrathed mincralineukated platinum thermocouple 
has been develeped by Johnsen Vatthey te provide fexitahiny with rome 


ence te thermal chart and corresen 


ippheatons err outtined in the 


ssoel, glass. enguncering and mactwar energ, industries 


Plennum and rhodsum piaunam alloys ere 
mre utevenally mucpted a standard Uherme- 
cuple maicrals end thew sccurmy ead 
pchabslity over a wide tempersture range are 
well known. The life of amy thermououpie os, 
however, greatly influenced by tie cflecuve 
octs of ns sheath If metalic vapours or other 
voweuke substances are abée to diffuse through 
the sheath, raped stack of the wires con 
ensue followed by # drift from cabbraed 
values. in such cases the wires eventually 
become cmbnuled and mechamcal fashere 
occurs Fortunatety muxtern sheathing toch 
mques arc such thet the madence of fadure 
is low, and gudle metal couples can be used 
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The above article in the October Platinum 


Metals Review is typical of those published quarterly 

The to keep metallurgists and engineers abreast of 
developments in the applications of the platinum 
metals in industry. 


issue of 


Platinum Metals Reviex 


we add your name to our mailing list ? 


is free on request. May 


oF. % ! 2 ge “*, 
COO OOOO or ee, 


Also in the October Issue : 


Platinum Catalysts in Ammonia Oxidation A New Hydrogen 
Purification Process * The Hydrides of Palladium and Palladium Alloys 
Thermal Expansion of Rhodium-Platinum Alloys High Temperature 
Brazing of Heat-Resisting Materials * Second International Congress on 
Catalysis * Sensitive Elements for Leak Detection * The Platinum Metals 
in the Periodic System Improved Stainless Steel Reactor Material 
vastus BK 
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Johnson 4» Matthey 


SOLE REFINERS OF 
WORLD’S LARGEST 


PLATINUM METALS 
PRODUCER, RUSTENBURG 


FROM THE 
PLATINUM MINES 
JOHNSON, MATTHEY & CO., LIMITED 
73-83 Hatton Garden, London, E.C.! 
Telephone: Holborn 6989 
Vittoria Street, Birmingham, |. Telephone: Central 8004 
75-79 Eyre Street, Sheffield, |. Telephone: 29212 





Electric Furnace 


U0, CONTROL GEAR 


The panel illustrated is a three panel 6,600 May we quote 
volt 3 phase, 50 cycle switchboard you for all 
controlling induction Heating furnaces. ' types of fully 


Our system of Switchboard construction automatic 


provides complete flexibility and contre gear 
adaptability for designing and manufacturing 
control gear for all types 


of electric furnaces and steelworks. 


Send for Publication No. 121/0660. 





Contactor SWITCHGEAR LIMITED 


BLAKENHALL - WOLVERHAMPTON - ENGLAND 
Telephone: Wolverhampton 25911/7 


Telegrams : Tactorgear Wolverhampton 
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IMPROVED 
RECUPERATOR 
CONSTRUCTION 

BY 

NEWTON CHAMBERS 


Ensuring the accommodation 
of thermal expansion 


and stresses 
with gas tightness 
at elevated temperatures 


The latest introduction by Newton Chambers of the flexible-end 
(D.B. type) connections for high pressure air and fuel gas 
recuperators are now available and can be demonstrated. 

This type of construction successfully accommodates thermal 
extensions within recuperators when operated at 

temperatures of up to 1,050 C. on the exhaust furnace gas side, 
and up to 650 C. on the combustion air and fuel gas side. 

We would welcome the opportunity to show you over 

installations now at work, and to discuss your recuperator 


problems with you. 








REMEMBER THE SCOPE OF a 


NEWTON CHAMBERS & CO LIMITED 
ENGINEERING DIVISION, THORNCLIFFE, SHEFFIELD 





IS DUST YOUR PROBLEM... .? 


Overseas: Continental Europe; Leon Bailly, 

Ingenieur Consiel, Avenue des Sorbiers 
Anseremme-Dinant, Belgium 

LODGE-COTTRELL (AUSTRALIA) PTY. LTD., 
LODGE-COTTRELL (AFRICA) PTY.LTD., P.O. Box 6070 
JOHANNESBURG 


Consult Lodge-Cottrell the pioneers 


of electrostatic precipitation, designers, 
suppliers and builders of plant 
to deal with dust emission from 


all types of processes. 


Lodge-C ottrell ELEGTROFILTERS 


LODGE-COTTRELL LTD - GEORGE STREET PARADE BIRMINGHAM 3 - TEL: CEN 3388 - LONDON CENtral 5488 
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Enough water 


to float the 


‘Queen Mary’ 


Six Richardsons Westgarth ‘ Deptford’ rotary 
water strainers strain the condenser cooling 
water at the Aberthaw Power Station, and are 
capable of handling 20,000,000 gallons in forty 
minutes—enough water to float the ‘Queen Mary’, 
The straining is done by a perforated bronze 
drum; debris collected on the outside is 
continuously removed by a phosphor bronze 
scraper blade. Accumulated sludge is discharged 
from the hopper beneath the strainer without 
interrupting the flow. Richardsons Westgarth 
rotary strainers are made in a range of sizes from 
160,000 g¢.p.h. to 5,000,000 g.p-h. 

* Brochure Ref. WS. 2 illustrates and describes 


this product. 


Ye 


RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 
A member of the Richardsons Westgarth Group 


Hartlepool, Co. Durham and at 58 Victoria Street, London, S.W.1. 
59 Mosley Street, Manchester, 75 Buchanan Street, Glasgow. 





CUT YOUR,LOSSES 


with a ee 


The furnace industry is well acquainted with THERBLOC®*® for *& THERBLOC is a highly efficient Mineral 


< W Slab which being sd exten- 
insulation up to 1500°F. Where lower temperatures are involved ool Slab which is being used exten 

; : sively in place of diatomite as a backing 
however, for example, core stoves and paint booths, consider S.R./0 


2 insulant at interface temperatures up to 
Mineral Wool slabs. An inexpensive, yet valuable material not only for ae - 
fine say . I “ . 815°C. Write for Technical Data No. 5 


maintaining temperatures and reducing fuel bills but also to make on THERBLOC for furnace and stove 


working conditions more acceptable to operators. insulation 


ae a= = SEND COUPON FOR DETAILS 7° = “| 


To STILLITE PRODUCTS LIMITED, I5 Whitehall, London, S.W.! 
Please send me Technical Data Sheet No /0 | 


Regd. Trade Mark 


STILLITE PRODUCTS LTD. | 
15 Whitehall, London, $.W.1. Tel: Whitehall 0922/7 


iS C i t Journal of the Iron and Steel Instit. 
and at St, Vincent Street, Glasgow C.2. Tel: Central 4292 (Just attach to letterhead) arnal of the Iron and Steel Institute | 


ADDRESS 








JOURNAL OF THE IRON AND STEEL INSTITUTE 








ROBERTSON 


in SOUTH AUSTRALIA 








courtesy of British Tube Mills (Australia) Pty. Ltd., Adelaide 


Four-High Reversing Mill for cold 
rolling steel strip up to 12} in. wide 
and up to 1,300ft. per minute. 
Installed at the works of British 
Tube Mills (Australia) Pty. Ltd. 
©) W. H. A, ROBERTSON & CO. LTD. 
BEDFORD e+ ENGLAN OD 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS AND HALLDEN FLYING SHEARS 
WT.335R 
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however you look at it 


YOU WILL agree that this Ingot Car is a nice job. Its sleek business- 
like lines commend it as a sound job, but it's only when you look 
underneath that you appreciate its truly functional design. Built 
with a wide margin of safety to carry four 5-ton ingots it will take 
a total superimposed load of 50 tons. This is one of many Ingot 
Casting Cars constructed to house automatic couplings and 
fitted with free running wheels on roller bearings and fixed 
axles. ] 

lal 
Consult us for the design and manufacture of medium and We shall be glad 
heavy engineering equipment for all steel works plant f / to quote against 


including Rolling Mills and their auxiliaries, all types of 
Ingot and Transfer Cars, Gas Works and Chemical Plant, / 
Heavy Fabrications and Pressure Vessels. ; and specifications 


your requirements 


B. Thornton Limited, Turnbridge, Huddersfield. Telephone 7541 
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HOWDEN 


Specialists i in the de sign 


and manufacture of 
equipment for 
MOVING OR COMPRESSING 
AIR AND GASES 


= an ARE IE RS a ee 


TRANSFERRING HEAT FROM 
ONE FLUID TO ANOTHER 


A 


CLEANING AIR AND GASES 


JAMES HOWDEN AND COMPANY LTD 


195 SCOTLAND STREET, GLASGOW, C.5, and 
15 GROSVENOR PLACE, LONDON, S.W.1 














andling 
systems 


Pantin design and manufacture heavy duty 
mechanical handling plant for the Iron and 


Steel Industry. 


This ‘Upender’, for example, was made to 
simplify and expedite the handling of coiled 
steel. With the utmost ease it takes coils up 
to 15 tons (max. dimensions 6, diam. x 6 
wide) and lays them on a Pantin Pallet Con- 


veyor for movement to the next station. 


Pantin Handling Equipment covers every 
requirement, including upending and down- 
ending, tilting, hoisting and conveying of 


coils and sheets. 


We are always pleased to discuss, advise 
and co-operate on the design of handling 
systems and shall be glad to send you details 
of Pantin Conveyors and Handling Equip- 


ment. Please write for illustrated brochure. 


Ti iy 
= 


bt 


W & C PANTIN LTD CENTRE DRIVE EPPING ESSEX Telephone EPPING 2271 -4 


ASSOCIATED COMPANY THE BRITISH MATHEWS LTD 
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Two train loads of rails 
and switches leaving 
Summerson’'s Spennymoor 


Works 


SUMMERSON ‘Designing’ 
wins big Thailand contract 
for rails and switches 


In the face of keen world wide competition Summersons obtained a contract from the State Railways of Thailand 
comprising 115 turnouts angle | in 10, complete with over-riding switches and cast manganese vee pieces. also seven 
diamond fixed crossings, angle | in 10, including two acute crossings with cast steel vees and two obtuse crossings 
Ancillary equipment was also supplied. 

Good designing was a deciding factor, and Summersons 120 years of experience of designing, manufacturing and 
laying railway track stood them in good stead. Write for a copy of Summersons Book of Railway Sidings 


THOMAS SUMMERSON & SONS Oy & i MOWDEN HALL, DARLINGTON TELEPHONE DARLINGTON 


Illustration shows part of 
two complete trains used 
to deliver. 





When flue gases escape into the air they're gone for good, 
and with them goes the chance of a big fuel saving 

With a Senior Economiser you can use these gases to 
pre-heat the feed water, saving 10-20°,, of your fuel 
increasing the efficiency of your boiler plant, cutting 

the cost of steam 

Senior Economisers, with their patented H-gilled heat 
exchange tubes, combine maximum effective heating surface 
with minimum resistance to flue gas flow. Straight, 

uniform gas passages, which do not collect soot, keep 
draught losses consistently low and rate of heat 

recovery constant 

If you have a boiler burning more than 20 tons weekly of any 
type of fuel, you can take advantage of Senior Economisers. 
They are built individually to suit your plant, and capital 


cost is soon repaid in fuel savings 


Why not write for further details? 


Diagram shows ’ ; x 
femperature figures ina b 


Mvp al installation 
305° 
| 





enior economisers 
M70 cheaper STEAML 


SENIOR ECONOMISERS LiMiteod 
Northumberland House, 303-306 High Holborn, 


London W.C.1 Tel: Cha 8173 (8 lines 
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He turns base metal into gold! 


No alchemist this, but a skilled scrapman in a Ward scrapyard. With his highly 
specialised experience, he can quickly prepare large masses of scrap for reduction 
to furnace sizes. Not only steel and iron, but all non-ferrous metals are handled 
too, both under strict metallurgical control. At scrapyards all over the country, 
equipped with the most modern plant, Wards handle thousands of tons of 

metal a day, and they are proud to be the leaders in this important industry. 


Helping to feed the furnaces with carefully graded scrap is only one activity of 
the Ward Group of Companies whose products and services cover almost 
every branch of industry. 


FF 
Serving Industry Around The World THOS. W. WARD LTD . wg 


< 


Head Office: ALBION WORKS, SHEFFIELD. London Office: BRETTENHAM HOUSE, STRAND, W.C.2 


GP.93 
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PURE FUSED SILICA 


VITREOSIL 
DIPPING TUBES 


Casting temperatures are critical! 

Vitreosil, pure fused silica, sheaths 
used in the Quick Immersion 
Thermocouple Technique have 
obviated erratic judgement of 
casting temperatures in modern 
steelworks and foundries all over 
the world. A single dip into 

We also manufacture an extensive the molten metal gives the true 

range of Vitreosil Laboratory Ware temperature in seconds 

No more reject castings through 
too hot or too cold tapping if you 
turn to Vitreosil — for accurate, 
up-to-date control. 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6, WALLSEND, NORTHUMBERLAND. Tel. Wallsend 62-3242/3 
LONDON: 9, BERKELEY STREET, W.1. Tel. Hyde Park 1711/2 


Sole Distributors for the United Kingdom: 
THE AMALGAMS CO. LTD., TINSLEY PARK ROAD, SHEFFIELD, 9 
LAND PYROMETERS LTD., QUEEN’S ROAD, SHEFFIELD, 2. 
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Produced by 


SHEEPBRIDGE EQUIPMENT 


for Olin Mathieson Limited 


THE ARMSTRONG AIRBREAKER 


The most modern method of coal blasting 


The Armstrong Airbreaker produces a high percentage of large coal at a low 
operating cost—the blasting effect is obtained through the rapid discharge of 

high pressure air into the back of a drill hole. It entirely removes the hazard 
of firedamp ignition. It may be installed either on the surface or underground 


This is an example of the special-purpose machinery which can be built to 
customer’s specifications or designed by our own staff. Our production 
facilities—a combination of modern, well-equipped shops and a highly trained 
staff of craftsmen and technicians—enable us to produce high precision work 


to any dimensions. 


SHEEPBRIDGE EQUIPMENT LIMITED core of tne sreeporidge Engineering Group) . 
Sheepbridge Works, Chesterfield, Derby. Tel: Chesterfield 5471 Grams: Sheepbridge Chesterfield 
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Head Office: 


FLEMINGTON, MOTHERWELL 


Telephone: Motherwell 2445 
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Demag high-frequency 
induction furnace 
installation at a Steel 
making plant, inc 
two 1 ton capacity furnace 
two 660 Ib. capacity 
furnaces, and one 110 lb 
capacity furnace 


orating 
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4 3 ton capacity Lectromelt arc furnace of 9 O° diameter shown with roof swung ready for charging. 


High Speed and High Output are the key features 
in the medium and smaller range of furnaces offered 
by G.W.B. Furnaces Ltd. 
both the Coreless and Arc Furnaces of Demag and 


Many years are behind 


Lectromelt designs. 

Daily, electric furnaces are finding wider and wider 
applications, and the coreless induction (crucible) 
type is no exception as it is an ideal medium for 
It is 
particularly advantageous in steel works where a 


melting steel and iron, and all other metals. 


charge of scrap of known analysis is melted and is an 


installation that pays for itself in a very short time. 
The proven economies of operation of electric arc 
furnaces offered by G.W.B. have earned an enviable 
reputation, and a few of their outstanding features 
are:— 

Separately mounted roof lift and swing mechanism 
for top charging; Four point roof suspension of the 
roof ring; Electrode holders of the power operated, 
spring-held, air release type; High speed movement 
of the electrodes; Offset rocker centres to return 
furnace from extreme tilt in event of power failure. 


G.W.B. FURNACES LIMITED 


P.O. BOX 4 - 


DIBDALE WORKS . 


DUDLEY - WORCS. Telephone: Dudiey 55455 


Proprietors: Gibbons Bros. Ltd., and Wild-Barfield Electric Furnaces Ltd 


GwW.B 243 
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STURTEVANT 
IN THE STEEL INDUSTRY 
FUME FROM 
AN 
OXYGEN LANCED 


OPEN HEARTH 
FURNACE 


will be collected by this 





ut 








(Sete) — ELECTROSTATIC PRECIPITATOR 


seen here in course of erection 


Sturtevant Electrostatic Precipitators 
are installed to collect dusts and 
fumes of all types. 
Enquiries to our reference Z//01/S. 


STURTEVANT ENGINEERING CO. LTD., SOUTHERN HOUSE, CANNON STREET, LONDON, E.C.4 


AUSTRALIA: STURTEVANT ENGINEERING CO. (AUSTRALASIA) LTD., 400 SUSSE X STREET, SYDNEY, N.S.W. 





December, 1960 27 





Typical Flow Sheet for 60 Ton Converter 


S. F. VENTURI 
SCRUBBER 


120,000 CFM AT 

150°F 50 GPM H20 

EVAP. 

P-A VENTURI 
AND 13 GPM 

SEPARATOR 
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RECYCLE WATER 
AT 135°F 

MAKE-UP WATER 
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SOLIDS RECOVERY UNIT 


« 
SIX The recent installation of Chemico Venturi Gas Scrubbers at 


a major steel plant in Canada marks the sixth time Venturi 


conve rfer Gas Scrubbers have been used to prevent an extremely un- 


desirable source of air pollution—Iron Oxide Dust. Chemico 


5 ® 
| nstal lati 0) ns Venturi Scrubbers maintain leadership in the world’s steel 


industries because they offer wet scrubbing which allows non- 


explosive collection, efficiencies above 99°/, and extremely low 
maintenance. In addition no critical controls are required to 
maintain efficiency and the handling of dust is simplified by 
recovery in a dry form. Chemico Gas Scrubbers are ideally 
suited for Open Hearth Furnaces, Cupolas, Scarfing opera- 
tions, Sintering operations, and Electric Furnaces. For further 
information and a copy of a brochure giving full particulars, 


contact the Chemico Gas Scrubber Division: 


cumnce ess oceueezns | ©: + 


an -| On ca we P| ¢c¢o 


CHEMICAL CONSTRUCTION (G.B.) LTD. 9 HENRIETTA PLACE, LONDON, W.!. LANGHAM 657! 


— 





A SUBSIDIARY OF CHEMICAL CONSTRUCTION CORPORATION, NEW YORK, U.S.A. 
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Photo by courtesy of Davy and United 
Engineering Company Limited. 


Fitting a two-row Timken steep-angle bearing on the screw-down 
gear of a new 144-inch 4-high mill. 
Timken bearings—in addition to their outstanding service on 


roll necks—are used for mill-drive and pinion stands, for journal 


and thrust bearings for reels, for roller table line shafts, mill table 


rollers, breaker blocks and many other rolling mill applications. 


Timken bearings, with their finest quality case-hardening nickel- 
alloy steel and carefully controlled heat treatment, have a hard 
wear-resisting surface of great durability and a resilient shock 


resistant toughened core. 


British Timken, Duston, Northampton, Division of The Timken 
Roller Bearing Company. Timken bearings manufactured in 


England, Australia, Brazil, Canada, France and U.S.A. 


REGISTERED TRADE MARE 


tapered roller bearings 














Accurate 
temperature control 





The measurement and control of high 
temperatures ts of fundamental importance 
in the manufacture of high quality steels, 
and platinum and platinum-rhodium alloy 
thermocouples have become the accepted method 
of exercising such control at all stages in the 
making of fine steels. 
The manufacture of precious metal thermo- 
couples demands raw materials of the highest purity together with strict 
scientific control at every stage of processing and testing. Thermocouples 
manufactured by the Baker Platinum Division of Engelhard Industries Ltd.. 
have been proved to be of the highest possible quality, conforming in every 
respect to the relevant requirements of B.S.1826:1952 and B.S.1041 :1943. 
Continued research by Engelhard Industries in the field of high temperature 
pyrometry has resulted in two recent developments: 


THE INTEGRAL-SHEATH THERMOCOUPLE, which has a diameter 
in the order of *%& in. and combines compactness, flexibility and resistance 


to thermal shock to an extent unattainable with conventional sheathed 
assemblies. 


‘FIBRO’? THERMOELEMENT PLATINUM, which maintains high 
strength and ductility after long periods at high temperatures whilst retaining 
all the thermoelectric attributes of normal thermoelement quality platinum. 


*% Write for copy of new illustrated leaflet 
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A view of the electric soaking pits at the 
works of The Consett Iron Company, 
which are controlled by means of 95% 
platinum—S°, rhodium versus 80°, 
platinum—20°,, rhodium thermocouples. 


BAKER 
PRECIOUS METAL 
Thermocouples 


BAKER PLATINUM DIVISION 


HIGH HOLBORN LONDON - WClI Telephone: CHAncery 8711 & 6506 
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Centre 


of attraction 


Io the expert’s discerning eye, a centre brick made by 
Wraggs of Sheffield represents all that’s finest in casting 
pit refractory manufacture. In addition to perfect external 
shape and accuracy of dimensions, the smooth internal 
finish ensures that no refractory inclusions are picked up 
by the metal during pouring. 

These attributes stem from years of specialisation in the 
casting pit refractory field, in which Wraggs were pioneers 
And they all add up to the solid reliability demanded by 


to-day’s busiest steelmakers. 


Wraggs of Sheffield 


for reliable casting pit refractories 


Our Pallet Service minimises the rist 


of damage in transit saves lime 


and trouble in handling. Particulars 


gladly sent on request. 


LADLE LINING BRICKS 
SLEEVES 

STOPPERS 

NOZZLES 

IRUMPET BELLS 
TRUMPET GUIDES 
CENTRE BRICKS 
INGOT FEEDER TILES 
RUNNER BRICKS 


we 
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THOS. WRAGG & SONS (SHEFFIELD) LTD., LOXLEY, NR. SHEFFIELD. TELEPHONE: 343034 


December, 1950 
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SCHLOEMANN 


14,000-ton Extrusion Press 











Courtesy of Alcoa 


It pays to know more about SCHLOEMANN 


Sales targets are difficult to achieve when production is ham- 
pered by obsolescent equipment. SCHLOEMANN is prepared 
to modernize your plant with highly efficient machinery, 
for either light or heavy work. 

The two 14,000-ton extrusion presses installed at Alcoa's 
Lafayette Works — the largest units of their kind in the 
States — are fine examples of SCHLOEMANN skill. Capable 
of extruding profiles up to 40" wide and seamless pipes 
up to 20” o. d. from aluminum billets weighing 5,000 Ibs., 
these presses provide cost-conscious designers with new 
possibilities in many branches of engineering. 

If you are concerned with the plastic forming of non-ferrous 
metals and steel, it will pay you to consult our engineers. 


DOLLERY & PALMER LTD - 54, Victoria Street LONDON SW 1 . Lydgate Lane SHEFFIELD 10 


HOT AND COLD ROLLING MILLS ¢ COUNTERBLOW HAMMERS ¢ HYDRAULIC PRESSES 
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Where there are steelmakers... 


a 











. {a ... there’s 
ADAMSON-ALLIANGE 


STEELWORKS EQUIPMENT 


LADLE, SOAKING PIT & STRIPPING CRANES 
OVERHEAD TRAVELLING CRANES + CHARGING MACHINES - FORGING MANIPULATORS 





N-ALLIANCE Core 
of / fr ae gachurch Street, Londen; oS 


pegicorporating the steelworks division of soe ee. ™ 
ADAMSON & CO LTD + HYDE * iN 
Bess: AY CO/UTD - WELLINGTON - SAG 
Hh id FB Bia Shs 
f, mh uh . 
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as Fired! Lime Kilns 


FOR THE PRODUCTION 
OF LOW SULPHUR LIME 
FOR THE STEEL INDUSTRY 


We specialise in the design The Plant illustrated includes 4 Mixed Gas Fired Kilns 


and construction of 
Gpen-heert® Futnaces. complete with Limestone and Lime Handling Equipment. 
Soaking Pits of all types © 
Continuous Multi-zone Bloom 
and Slab-Re-heating Furnaces. Each Kiln produces 75 tons of lime per day 
Continuous Bogie type Ingot 
and Slab Heating kurnaces. ' . 
5 > ne sccamer Pt. 
eencek tine Muininin Mdtlon for the new Bessemer Plant of 
Coil Annealing and Slab Re-heating. 
Forge and Heat Treatment Furnaces. The Steel Company of Wales I td., 
Stress Relieving Furnaces. ‘ 
Shipyard Plate and Bar Furnaces. . 
Modern Lime Burnine Kilns, Port Talbot. 


PRIEST PRIEST FURNACES LTD - LONGLANDS « MIDDLESBROUGH 


also at: KELHAM ISLAND WORKS ° SHEFFIELD 3 
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The Barber, Engraving by A. Bosse, circa 1640. 

















Copyright, Radio Times Hulton Picture Library. 


‘Every mar to bis own trade — 
--. and our trade is STE E LY! 


Not only mild steel for everyday use but also the special steels 


demanded by the Nuclear Age... for example we produced 
the special stee! plates for the reactor vessels at Calder Hall, 
Chapelcross and Bradwell and supplied plates for the nuclear 


power station reactor at Latina, Italy 


An interesting booklet Steels for the Job” 
just published by us, describes some of our 


newer products. We shali be delighted to send you a cop) 


YOU SHOULD HAVE 


THIS BOOK. Our technical and research department will also welcome 


enquiries from any whose problem is... STEEL 
CONSETT IRON COMPANY LIMITED. CONSETT, COUNTY DURHAM 


Telephone : Consett 341 (12 lines) Telegrams: Steel Phone Consett. 


December, 1960 








From experience Gibbons ‘H.T 1’’ insulating refractory is the 
automatic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons ‘‘H.T 1”’ is developed 
from more than 20 years’ experience in 
the manufacture of insulating refractories 
and today an entirely new and original 
manufacturing technique enables us to 
offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55141 
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The 


AUTROMETER 







































































SOLE 





DISTRIBt 





2.0990 FULLY 12.1001 


QUALITY CONTROL [ 


through 


. 0996 AUTOMATIC 12.1005 
. 1001 12 .. 1007 


X-RAY 














TORS IN U. 








ANALYSIS 


The more-than-modern instrument that brings the impersonal] and reproducible 
precision of spectographic analysis to every branch of industry. 

THE AUTROMETER 

Being precision-set, needs only to be fed with samples. 

Being fully automatic, can be operated by one unskilled attendant. 

Being free from human error, gives absolutely consistent result 
Makes qualitative and quantitative analysis of as many as 24 ele 

Uses a comparator system with single electronic chain. 

Provides by far the speediest method of elemental analysis by x-rays 


Element range: Magnesium (12) to Californium (98). 


Is the ideal analytical tool for high consistency runs. 
And: the Autrometer has exceptionally rapid after-sales service. 


A product of Philips Electronics and Pharmaceutical Industries Corp. U.S.A 


RESEARCH & CONTROL INSTRUMENTS LTD 


Instrument House, 207 King’s Cross Road, London, W.C.1 TERminus 2877 


RCLO450 
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By 1860, Firth Brown, leaders even in those days, were far advanced 
in the techniques of forging quite large masses of steel. 

Now—one hundred years later—Firth Brown are still acknowledged 
leaders in the making of the largest special forgings for Power Station 
Rotor Shafts, Forged Steel Rolls, and large units for Power transmission and 
Ships’ propulsion. 


’) BROWN 


ALLOY STEELMAKERS + FORGEMASTERS - STEEL FOUNDERS + HEAVY ENGINEERS 
THOS. FIRTH & JOHN BROWN LIMITED SHEFFIELD + ENGLANO 
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Modern carving in 

Ardington Parish Church 

of pigs feeding on acorns. 

Photograph by Ruth Meyler & F.C. Sillar 


In the early days of the industrial revolution manufacturers 
frequently looked for familiar and easily recognisable 
descriptions of their products. To the countryman 
transplanted into industrial surroundings nothing was 
more familiar than a pig; a fact which is emphasised by 
carvings in scores of old churches depicting pigs suckling 
their litter, rooting for acorns and playing the bagpipes 
(Apparently this last pastime was forsworn by pigs many 
years ago because of unpleasant associations between 


a PERL 
“WARNER WAR 


WARNER & CO. LTD., 


bagpipes and pigs bladders.) Consequently, when iron 
from Blast Furnaces was directed into long troughs and 
from there into short and narrow troughs placed at right 
angles, a resemblance to sows suckling their appendaged 
litter led to the description of “pig iron’. 

This series of advertisements illustrates some of the 
“ecclesiastical” pigs and emphasises the $0,000,000 ‘special’ 
pigs which Warner and Company have supplied to Iron 
Foundries producing High Duty Castings. 


* eer oma 


ER. WARNER 


‘ 


MIDDLESBROUGH 
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*Mullox’ bricks have been specially designed for all 
structures subjected to mechanical stress or thermal 
shock at high temperatures. By suitable kiln-firing 
treatment they acquire excellent spalling resistance 
and at extreme temperatures exhibit negligible 
volume changes. 

All brands are characterised by a low amount of 
fluxing impurities, which is ensured by using 
Sillimanite bonded with varying amounts of pure 
Devon Ball Clay. 

They withstand the corrosive action of most slags 
and are not attacked by either oxidising or 
reducing atmospheres. 

All jointing should be carried out with * Mullox’ 
cement which has been developed specially for use 
with *Mullox’ bricks. 


The Swann Brassington semi-silica brick is prepared 
by blending specially hand picked sand from the 
Company's extensive deposits with a small amount 
of Devon Ball clay, thereby ensuring a consistent 
product with a minimum amount of impurity. 
Semi-silica bricks are characterised by a consider- 
ably higher resistance to thermal shock than normal 
silica bricks, volume stability, and a tendency to 
glaze in service. When used in conjunction with 
Swann Brassington siliceous cement, the bricks and 
cement glaze together forming a= monolithic 
structure. Failure due to joint erosion is therefore 
eliminated. The bricks have a high resistance to 
erosion by slag attack and to abrasion by dust-laden 
furnace gases. 


t heater 
PICA 


a 
4 


Electri 


APPLICATIONS 


eT ind ti DoX 


Bathles 


< BRASSINGTON 


were chosen by 
vE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD 
for lining their Soaking Pits at Durgapur 


* Full technical literature on request 


A MEMBER OF THE 


STEETLEY ORGANIZATION 


WIRKSWORTH. DERBYSHIRE 


December, 1960 





Vid60 


GIVE 
YOU 
AIR 7 
ON A watt caton Plo 
FAMILIAR 
THEME 


VISCO equipment is specially 
designed to help you make 

the most of raw materials, natural 
resources and manpower. Save 
money by consulting VISCO. 


Ventilation 


: {ir Conditioning Plant 
VISCO Ventilating and Air The General Electric Co. Ltd 
Conditioning Plant is specially 

designed for the varying 

requirements of all branches 

of Industry. 


Fume Removal 


VISCO deal directly with 
noxious fumes and are used by 
leading industries for fume 
removal and air treatment 
installations. 


Air Cleaning 
Heating and Ventilation Plant 


VISCO air filters — static and May & Baker Lid 
self cleaning — are used for air 

cleaning, conditioning and 

ventilation. 


VISCO ENGINEERING CO. LTD. 
Stafford Road, CROYDON 
Croydon 4181 


Specialist Engineers to Industry 
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¥ Record Blast Furnace Campaign 
| with new Refractory 


The first blast furnace in the United Kingdom to use @ British super-duty firebrick for its com~- 
plete stack lining has just finished its initial campaign. This is the Queen Bess furnace of the 
Appleby-Frodingham Steel Company and the stack was lined with M.R.2 bricks. 

During its campaign the furnace produced 920,700 tons of iron involving ® throughput of 
2,450,000 tons of burden and 750,000 tons of coke. Throughout the entire campaign the burden 
consisted of 100 % sinter. The tonnage handled by this furnace on such @ practice is @ record for 
the Appleby-Frodingham organisation. 


/ > ANd Tins | 


pe 


RECORD BROKEN 


’ blast furnace red by Morgan Refractories Ltd., a subd- 


any's The campaign . . he 
setup ony aronth a0 Pf ose eno During this period the “Quel Victoria” has 


ed with 2,570,000 tons of sinter 
, iron, 40,000 tons of scrap and 
ke. 26 cwt. of slag is tap 
$20,000 tons of co non ne 
so far this cam> 


United Steel’s “Queen Victoria’ 


liquid output of the furnace 

cks manu- paign is 2}m. tons. | 

Issued by The Morgan Crucible Co. Ltd, Public — Dept. 
(Battersea 8822) on behalf of Morgan Refractories Lt 


&, 
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THE Ke) rw ENGINEERING COMPANY LTD. 
mr BOURNEMOUTH ENGLAND 
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HIGH-EFFICIENCY ELECTRO-PRECIPITATION BY 


STOCKPORT, ENGLAND 
JOHANNESBURG SYDNEY . TORONTO 
45 
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The ‘‘Margam Abbey’’—built for the Port Talbot Pilotage Authority by +" — Ire works Ltd., in 
which Cor-Ten was used extensively. Photograph by courtesy of the Por t Pi 


jtage Authority 


OR-TEN GOES DOWN TO THE SEA IN SHIPS 


At sea as well as ashore new uses are constantly being 4-6 times more resistant to atmosphe ric corrosion. 

found for SCW Cor-Ten. It was used extensively in the Highly resistant to abrasion and f 

construction of this vessel for the Port Talbot Pilotage 

Authority. COR-TEN SAVES MONEY 
The Main Deck and Bulwark Plating 
Shell Plating and Anchor Recess 
Floors and Engine Seating 
Chain Locker Operating costs are lowered—in transport, payloads are 
: : an bigger because of rei tion in tare weig 
Fresh Water Tank ecause of reduction in tare weight. 
Bulkhead Bottom Plating Please write to us at the address below for further in- 
Rudder Side Plates es for technical assistance in the application of 

; : : SCW Cor-Ten to your products. 
—were made entirely from Cor-Ten. A typical example of 
the growing use of Cor-Ten in marine construction, and 


in other fields where high yield strength, together with 
. ° ° . . 
outstanding resistance to corrosion, is vital. - 


COR-TEN IS TOUGHER rd 
Weight for weight, the yield strength of SCW Cor-Ten is 
50°., higher than ordinary mild steel. 


Alternatively 

St —— for strength, a saving of 1/3 of the weight is RAILWAY ROLLING STOCK. AGRICULTURAL AND EARTH- 

tienes MOVING EQUIPMENT. MINE CARS. FOWER STATIONS 
INSTALLATIONS. BARGES AND SMALL CRAFT 


itigue. 


Initial costs are spread over a longer service life. 
Maintenance costs are reduced. 


Tih STEEL COMPANY OF WALES LIOMIOTED 


ABBEY WORKS, PORT TALBOT, GLAMORGAN. TELEPHONE: PORT TALBOT 3161 
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homegrown 
illumination 


f Deer NV. B. Marsha Hutchinson 1954 


These deep sea fishes generate their own electric lighting for next to nothing. This is more 
than you can do, but you can keep the cost of your lighting down by having the right lamps 
in the riz ht fittings in the right places. We’re ready to help you with your lighting problems 
and we'll be happy to send you a booklet dealing with the type of lighting that interests you. 


Just drop usa card asking for the appropriate catalogue: Commercial, Industrial, Floodlighting 
or General Service Lamps. 


SIEMENS EDISWAN | 
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38 39 Upper Thames Street, London, E.C.4 Telephone: CENtral 2332 


December, 1960 





Where sections 


vary greatly... 


...z2 films are better than 1 


ILFORD technicians pioneered multiple film techniqu 
in industrial radiography. This has been graphically 
described as a “sandwich” of two or more films, and the 
technique gives vastly superior results where specimens with 


widely varving densities have to be critically examined. 


The “sandwich” consists of two or more films. of 
different speeds loaded into a standard cassette for 
simultaneous exposure. Thick sections of the specimen 


register clearly on the faster film, and the thinner sections 


in the slower film. The effects of differential exposure can 
le 


be accentuated by using lead screens in the “sandwich”. 
The technique can also be used for making duplicate 


radiographs by using two films of the same speed. 


Choice of the appropriate ILFORD Industrial X-ray 
films obviously depends on the subject, the tube voltage 
ind the presence or absence of screens. Full details of 
film choice and voltages, as well as lead screens, will be 


forwarded by request. 


For improved radiographic examination 


‘LFORD LIMITED 
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Pouring Hot Metal in a 200 Ton Open Hearth Furnace, Abbey Works, The Steel Co. of Wales, by courtesy of whom this photograph is reproduced 


REAVELL-ASKANIA REGULATORS 


FOR OPEN HEARTH APPLICATIONS 
REAVELL & CoO. LTD. Reavell-Askania Regulators. Instrument 


Panels. Complete Instrument and Control 
Schemes designed, installed & commissioned. 


REAVELL-FAHIE LTD. | "°°" "" 
= 2 


RANELAGH WORKS IPSWICH 


December, 1960 








Dies “ Furnaces 


We have a wide experience 
in the design and installation of 
large bogie hearth furnaces for the 
general heat treatment of fabrications, 
alloy steel castings and ingots. 
Capable of taking loads up to 250 tons, 
they can be fired by towns gas, 
clean producer gas or oil 
and with full instrumentation ecm. 
a minimum temperature variation ; 
is possible throughout the chamber. 








By kind permission of Steel, Peech & Tozer. 


WINCOTT FURNACES , 


G.P. WINCOTT LIMITED SHEFFIELD, ENGLAND 
Telegrams: WINCOTT, SHEFFIELD. Telephone: 202N/2 


SBW19 
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I’m not the sort of chap to make headlines in “Up at AW we like to 
Hansard and I don’t suppose anyone would be 
daft enough to ask me to speak on Foreign 
Affairs or balance up a Budget. 


vet on witl 
leave hot air to the furnaces 
managed to talk steel into 
research bovs thought that 
back-bench tvpe and better 
I'm not a bit sorry. I learnt a long time ago — chucking dictionaries into the 
that the only things ever produced by talking 


ve always been the Closelov Roll thes 


now—those Iss a trick 
were gramophone records ...and international “No! L reckon [Um happier making roll 
incidents. than | would be 1 hes” 


eer es 


CLOSELOY ROLLS- perfection in Roll technique 


ARMSTRONG WHITWORTH (METAL 


INDUSTRIES) LIMITED 
Close Works - Gateshead I pon Tyne 8 


Pelephone : Gateshead 7126] 
Steel Foundry: Armstrong Whitworth (Metal Industries) Ltd 
Western Road Works Jarrow ~- 


o. Durham 





WIRE RODS 


IN ALL QUALITIES OTHER 
PRODUCTS 


JOISTS ANGLES — aces 
: J : e FERRO-MANGANESE 
TUBE STEEL 
CHANNELS TEES SQUARE 


SASH AND GLAZING 
SECTIONS 


HAMMER-LOCK 
STRUTS 


FLATS ROUNDS gare 0 
BALING HOOPS 


CABLE TAPE 





COKE OVEN 
BY-PRODUCTS 





IRON, STEEL 
AND NON-FERROUS 


LANCASHIRE STEEL MANUFACTURING COMPANY LIMITED ge 


CONCRETE FLAGS, 


(HEAD OFFICE:) KERBS ETC 


Telephone: WARRINGTON Telegrams: a 
LSM 








31222 LANCASTEEL 
WORKS: IRLAM & WARRINGTON 


London Office: KINNAIRD HOUSE PALL MALL EAST, S.W.! - Telephone: WHITEHALL 7515 - Telegrams: LANCASTEEL, LESQUARE, LONDON 
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for direct 
reduction of 
iron ore and 
subsequent wet 
separation of 
gangue 





Rotary reduction kiln of the R-N 
plant at Birmingham, Alabama. 


R-N Product replaces pig iron as well as scrap 


The R-N Process provides the world’s steel industry with a new steel furnace Represer 
feed material from ores of nearly all types by direct reduction utilizing various R-N PROC 


types of solid, low-cost fuel and surplus gas if available. anleeentenel oe rj : sedate 
el: 48.81.30 


tative for Eur 


ESS AGENLY 


The wet magnetic separation after reduction removes the ore gangue and 
° ° ‘ . x Re mmended Engineering ¢ ir 
the concentrate obtained contains usually more than 9o o Fe as metal, less MEAD WRIGHTSON MINERALS ENGINLERING LTD 
than 3°,, SiO, and only a smaller part of the phosphorus of the ore. 46 Rutland Park, Sheffield 10 
The sulphur content of the concentrate is below 0.05 
The concentrate is dried and formed into briquettes. 
The capital cost of an R-N plant is about half that required 
for a blast furnace complex of corresponding size, and the 
production cost for R-N metallic iron briquettes will be 
considerably lower than that for pig iron. 
Low stable price and uniform composition make R-N iron 
an excellent and competitive substitute for scrap. 
The development of the R-N process to a commercial 
process is the result of collaboration between the Republic 


Steel Corporation and the National Lead Company through 
the R-N Corporation, New York. 


December, 1960 








Greater safety for hands 
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TRIUMPHS OF SHELL RESEARCH 


With new Shell Dromus Oils 


Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, Which considerably reduce the risk of skin 
trouble to operators. 

The real difficulty was to finda new couplingagent 
to replace the phenolic compounds, and Shell finally 
used what their chemists know as a higher fatty 


The Research Story 


alcoholcomplex. Thissolved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant 

The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 

[he moral of the story ts that Shell research ts 
supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. 'f you and your organisation 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place ol 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques 

Exhaustive testing of blend stability, emulsion. stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 

This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom 


New Ga) oromus SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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B Ik | Mitchell conveyors 
U : O 2 at Bowaters’ 


Mersey Division 


Handling | carry 100 tons of 


logs an hour... 






































The problem of conveying and stacking logs in really large quantities is comparatively 
new to this country. Yet Mitchell Engineering’s recently completed external conveyor 
system at Bowaters’ Mersey Division handles over 100 tons of logs an hour, 

This vast capacity is attained by an efficient arrangement of chain and belt conveyors, 
1,250 ft in total length, which carry logs either straight to the pulping mill or to a 
storage pile. The logs carried straight to the mill pass through a debarking plant and 
provision is made for re-circulating any log not properly debarked. Logs for the storage 
pile are carried up a 120 ft mobile stacker. 

Mitchells are active in the field of boiler design, cableways and ropeways, wagon 


handling, transporters and conveyors, cranes, mills, ship loading plant and nuclear power. 




















Mitchell Engineering Limited One Bedford Square London WC1 
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Mobil D.T.E. Oils stand 
head and shoulders above 
all ordinary oils. They 

give / ’ protection 
and performance that 

no oil on the market 


today can equal. 


Mobil D.T.E. Oils give 
you the following 
advantages: 


LONGER OIL LIFE 


QUICK SEPARATION 
FROM WATER 


FREEDOM FROM 
DEPOSITS 


PROTECTION AGAINST 
RUST AND CORROSION 


LESS WEAR 


HIGH TEMPERATURE 
STABILITY 


Mobil D.T.E. Oils 
to reduce 
maintenance 
costs and 
increase 


production 
en 





ASK THE MAN 
FROM MOBIL ABOUT 
BALANCED OILS 


Our representative will give you 
the facts—the facts about the 
performance of Mobil D.T.E. Oils 
in comparison tests with other 
well-known hydraulic and 


gs circulating oils. Ask the man 


from Mobil to call and explain 
how Mobil D.T.E. oils can 
reduce maintenance costs and 
increase production 





ECONOMY, SERVICE 
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OVER 300 CARS IN OPERATION 


IN VARIOUS PARTS OF THE WORLD 


MIXER CARS 
HOT METAL LADLE CARS 





@ HOT METAL MIXER CARS FOR THE SAFE AND 
ECONOMICAL TRANSPORT OF MOLTEN METAL 


@ LARGEST CAPACITY CARS ARE WITHIN STANDARD OTHER SPECIALITIES 
RAILWAY LOADING GAUGE 


@ HOT METAL CAN BE RETAINED IN PERFECT 
CONDITION FOR HOURS 
CAPACITIES FROM 75 TO 160 TONS a er Tae ee 


BURNERS MORGAN AIRJECTORS 
@ MINIMUM OF SKULL AND SCRAP LOSSES 


NASSHEVER CONTINUOUS = BRIGHT 
@ MAXIMUM LIFE OF BRICKLINING PER TON OF ANNEALING FURNACES (Sole Licensees) 
HOT METAL 


MORGAN GAS MACHINES SOAKING 
PITS (Isley Controlled) . MILL FURNACES 


THE INTERNATIONAL CONSTRUCTION CO. LTD. 


(Successors to Julian Kennedy, Sahlin & Co. Ltd) 
56 KINGSWAY . LONDON . W.C.2 


Telephone: HOLBORN 1871-2 Telegrams: SAHLIN, WESTCENT 2 LONDON 
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Electrical Aids in Industry 


Electric Motors & Controls 1 


Most manufacturers today employ electric motive 
power through individual drives, which, among 


their many advantages, permit the right type of 
motor to be used for each of various types of 


machine. The range of motors available—each with 
its own characteristics—is very large, and the factory 
executive could well be guided in his choice by the 
expert views of the motor manufacturer, the install- 
ing engineer or his Electricity Board’s engineer. 
The characteristics of the main types of motor are 
briefly summarised below. 


Squirrel-cage Motors 


These are the most straightforward and simple in 
design, and are therefore relatively cheap and robust 
in character. They should be considered for general 
duties and, in conjunction with variable-speed gears 
or couplings, for applications requiring variable 
speeds, e.g. for crane drives. Small sizes can be 
switched direct-on-line. 


The squirrel-cage motor is very suitable for 
individual drive of each motion of single-purpose 
machine tools where the motor horsepower can be 
precisely specified. It is suitable for driving pumps, 
fans, lifting hoists and woodworking machines. 
Textile machinery represents another field of use. 


Slip-ring Motors 


The chief advantage of the slip-ring motor is a very 
low starting current for a given torque, e.g. full-load 
torque at starting with a current about 10% above 
full-load current. This makes it suitable for applica- 
tions requiring a prolonged starting period with a 


=. 




















load of high inertia. It also permits of speed variation 
below synchronous speed, though with some loss of 
efficiency. Typical applications include fans, pumps, 
heavy lathes, grinders and boring mills, as well as 
calendering machines, cable-laying-up machines and 
mine hoists. 


Data Sheet No. 14 


Three-phase A.C. Commutator Motors 


The main characteristic of this type is variable- 
speed with uniform and gradual acceleration and 
good efficiency over the speed range. Paper 
manufacture provides excellent examples of its use, 
e.g. in paper-making, reeling, cutting, calendering, 
coating and drying. 


oe 





A.C. commutator motors are recommended for 
mechanised bakeries and for cranes and hoists where 
very slow speeds are frequently needed. 


Synchronous Motors 


These are constant-speed motors. One particular 
advantage is that they can be operated at unity or 
even at leading power factor to correct a system 
suffering from lagging power factor, and perhaps so 
qualify for a reduction in the electricity bill. Pump 
and compressor drives are typical uses to which they 
canbe put. They are also used in motor-generator sets. 


Single-phase A.C. Motors 


In general, single-phase motors are used in light 
industries for drives not requiring more than about 
five horsepower or where a three-phase supply is not 
available. While their use is mainly limited to work 
of a light nature, they do fill a need in such duties as 
sewing-machine drives, portable hand tools, window 
opening and closing gear, etc. 


Direct Current Motors 


For a completely unfettered performance where wide 
ranges of speed variation, high rates of acceleration 
and powerful dynamic braking are all-important, the 
D.C. motor is unrivalled. This means in effect the 
installation of an A.C.-D.C. motor-generator set or 
rectifier to give the necessary supply, but the 
increased cost may well be compensated by the 
improvement in productivity. When variable voltage 
is applied to the armature, a wider speed range is 
obtainable than with any other type of motor. 
Typical applications of the D.C. motor are: cranes, 
haulage and tippler equipment, certain machine twols 
requiring a large speed range and smooth accelera- 
tion, high-speed printing and steelworks drives. 


For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association,2 Savoy 
Hill, London, W.C.2. TEMple Bar 9434. 

They can offer you excellent reference 
books on electricity and productivity (8 /6, 
or 9/- post free)—‘“‘Electric Motors and 
Controls”’ is an example. 

E.D.A. also have available on free loan 
within the United Kingdom a series of 
films on the industrial uses of electricity. 
Ask for a catalogue. 











JOSEPH ADAMSON 


ELECTRIC OVERHEAD TRAVELLING CRANES 


The Adamson 50 10 ton crane is the third of a series 
of new design supplied to Richard Thomas & Baldwins 
Limited, Ebbw Vale Section. Features of the crane 
include monolithic construction of the crab and the 
elimination of castings by mild steel fabrication of the 
hoist barrel and bottom block. The cab is of particular 
interest as it incorporates the most modern type of 
seat unit ensuring maximum vision and ease of control. 
Joseph Adamson electric overhead travelling cranes can 
be supplied to all specifications including cranes suited 
to the most exacting 24 hours-a-day process work. 








a view of the cab showing 
the seat control unit. 


eile ADAMSON & CO. -70. 
. Oo. BOK 4 H Y DE c WES H. R €E 
in association with 
Adamson Alliance Co, Ltd., 165 Fenchurch St., London, E.C.3 
Horsehay Co. Ltd., Wellington, Salop 


THE ADAMSON GROUP 
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A cluster of six mag 
diameter, handles a 
weighing 3,248 lbs. 

Ductile Steels Ltd., 











Loading broken scrap from bins into the 
continuous casting plant at Stanton 
Ironworks, Nottingham. 


%Y 
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Whether handling hot steel billets and ingots or 
salvaging metal from under water, Witton-Kramer 
electric magnets do the job superbly. Circular, 
rectangular or bi-polar, G.E.C. makes them all with 
coils designed and constructed to withstand heavy 
duty and shock loads. All Witton-Kramer magnets 


are easily maintained and quickly serviced. 


RELY ON THE EXPERIENCE OF 


Two bi-polar magnets on spreader beam 


lifting rolled steel joist THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND - WITTON-KRAMER DIVISION - BIRMINGHAM 6 
388 
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NEW COKING PLANTS 
>. IN 1960 


Orgreave 
United Coke and Chemicals Co. Ltd 


Ravenscraig 
Colvilles Ltd. 


Appleby-Frodingham 
Appleby-Frodingham Stee! Company 


Bairds 
Bairds & Scottish Steel Limited 


Lysaght 


John Lysaght’s Scunthorpe 
Works Limited 


Corby-Deene 
Stewarts & Lloyds Limited 


Pretoria 


South African Iron & Steel 
Industrial Corporation Limited 


Ravenscraig 
Colvilles Ltd. 


Redbourn 
Richard Thomas & Baldwins Limited 
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Two new Hot Strip Mills 


DAVY -UNITED 
are now being built in 
ARE BUILDING BOTH ang ps 


Ravenscraig Works of 

Colvilles Limited: the 
STRI bd ryt 4 L LS second at the Spencer 

Works at Newport, Mon 


of Richard Thomas and 


Baldwins Limited 


, 


The famous Hot Strip Mill at the Ebbw Vale Works of Richard Thomas & Baldwins Limited, the first Dav \ -United have been 
in Europe, which Davy-United also helped to build. entrusted with the building 
of Loth of them 








DAVY AND UNITED ENGINEERING COMPANY LIMITED, SHEFFIELD DAVY-AS H M oO R E G RO U oo 
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P.—E.HOLLOWAY 


PHILIP EVERETT HOLLOWAY was born in 1907 at 
Marton-in-Cleveland, Yorkshire, and educated at Sherborne School, 
Dorset. He entered the iron and steel industry in 1924 as a commercial 
trainee with the Cargo Fleet Iron Company, but two years later 
transferred to the works and trained in the blast-furnaces, steelworks, 
and rolling mills. He was appointed night manager at Cargo Fleet in 
1930. 

In 1932 Mr Holloway joined the Irlam Works of The Lancashire Steel 
Corporation Ltd as assistant works manager, and in 1936 he became 
works manager. 

From 1945 to 1946 he was a member of the Allied Control Commission 
in Germany. He then returned to The Lancashire Steel Corporation Ltd 
and in 1950 became a director. When the company was reorganized in 1958 
Mr Holloway was appointed to his present post of managing director of 
the Lancashire Steel Manufacturing Company Ltd. 

Mr Holloway's wide interests are indicated by the number of companies 
on which he serves as a director. These include the Lancashire Steel 
Corporation Ltd, Lancashire Steel (Rhodesia) (Private) Ltd, Lancashire and 
Corby Steel Manufacturing Company Ltd, The Pearson and Knowles 
Engineering Company Ltd, Rylands Brothers Ltd, Whitecross Company 
Ltd, Rhodesian Iron and Steel Company Ltd, B.R.C. Steel Ltd, Hall 
Engineering (Holdings) Ltd, The United Kingdom Ferro-Manganese 
Company Ltd, and The Wellman Smith Owen Engineering Corporation 
Ltd. He is a member of the Council and Executive Committee of the 
British lron and Steel Federation, and in addition serves on the 
Accident Prevention Committee, Raw Materials Coordinating Committee, 
Training Committee (he is also chairman of the Lancashire Area 
Training Committee), Rod Rollers Committee, Pig Iron Producers 
Conference, and the Basic Pig Iron Producers Conference. 

Mr Holloway joined The Iron and Steel Institute in 1933 and was 
elected to the Council in 1960. 
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PAPERS AND REPORTS ON RESEARCH AND PRACTICE 


Metallurgy 
Plant Operation 
Research 


Rupture of silicon—iron sheets and 
related creep phenomena 


C. W. Chen, B.Sc., M.Sc., Ph.D. 


AN EXTENSIVE 
cracking 


INVESTIGATION of  intercrystalline 
at elevated temperatures has shown that 
many metals and alloys rupture through the formation 
of voids at grain boundaries.' This process, however, 
fails to dominate rupture at high temperatures on 
For instance, Sully and Hardy 
reported that besides void formation, necking was also 
a major process of rupture for Al-Cu alloys. Moreover 
certain structural changes such as lattice bending® and 
grain-boundary migration? the 
formation 

The relationship between void formation and neck 
ing was not elucidated in the study of Sully and Hardy. 
Recently, Nemy and Rhines found that these two pro- 
cesses operated independently at different stress levels. 
Because of the complex nature of creep, other factors, 
either structural or environmental, may play 
roles in the rupture of metals. 

The present investigation deals with various high- 
temperature rupture modes and related ereep phenom- 
ena, with special attention to the structural change 
and the effect of a surface coating. Silicon—iron in sheet 
form was chosen as the test material because the 
structure of Si- Fe could be easily revealed by electro 


humerous Occasions, 


can minimize void 


vital 


sub 


lytic etching. Furthermore, sheet specimens permitted 
a close study of the void formation with respect to the 
creep curve, 


EXPERIMENTAL TECHNIQUES 
The Si and 
, impurities. A (110) [O01] texture was 
a result of cold rolling and annealing. 
Most grains were about 1 mm dia. and fairly uniform 
In the as-received condition, the sheets had a 
0-5 in. thick MeO coating on the surface. The coat 
ing could be removed first by heating the strips at 
for several hours, and then by macro-etching 
them in FeNH,(SO,), solution at 80°C for 
S10 min 


Ke sheets used contained 3-25 wt SI 
less than 0-1! 


developed as 


in Size 


SOU 


fresh 


Both coated and bare creep specimens of the con- 
ventional form for sheet metals were prepared with 
3°79 X1-0x0-O12 in. All 
rupture tests were conducted under constant loads in 
(about 20 
one half of the absolute solidus temperature of the 
allov) and 875°C. Since the strips had been finally 
annealed at L100°C, the grain structure was stable 


gauge dimensions. creep- 


an argon atmosphere between 550 below 





Manuscript received 29 August 1960, 
Dr Chen is Fellow 
Laboratories, Pittsburgh 35, Pennsylvania, USA. 


Scientist at the Westinghouse Research 


SYNOPSIS 

The void 
boundaries, and the de velopme nt of edge cracks paired at 
opposite sides lead to three different modes 
hetween 550° and 875°C. Interc rystalline cracking is only 


Processes of necking formation at grain 


of rupture 


promine nt be low H50 #2 while ne cking dominate s rupture 
The 


during creep may hy variously mig vation and serration 


at higher te m peratures major structural changes 


of qrath houndaries. polygonization recrystallization, 


and grain COUArTSENLNT”, according to different te m pera- 
tures. An increase of ductility associated with the necking- 
initiated rupture mode has been ascribed partly to the 
the rmally activated process 
MgO 


amnce and reduc ES 


of creep and partly to poly- 


qonization. surface coating TULSES the creep resist 
the susceptibility of sheets to void forma 
tion, The latter « tect has hee n re lated to the de velopme nt 


subare The 


} 
th potyqoni ed matria ha he i] accounted for in two 


win houndarie s won of void forma 


SUppress 
tio? 


models IS75 


In the in- 
were 


under no load in this temperature range 
vestigation of the test 

rupted at various stages for macro-examination of the 
ind 
conditions 


void formation inter- 


specimens. Electrolytic polishing etching 


the 


were 
performed under 


cle seribed 6 


same previously 


RESULTS 

Rupture mode 

In the temperature 
mentioned), the rupture of the 
major 


chosen range (550-875 C as 
sheets falls into two 
[11) mode (see Fig.1). 
Strictly speaking, only mode I exhibits intercrystalline 
Mode I 
number 
of voids, indicating that macroscopic cracks are pro- 
duced by the joining of intercrystalline voids. Necking 


is not pronounced 


1 and IL) and one minor 


cracking, the others are partly transecrystallins 


displays a jagged rupture surface and a large 


sometimes not even measurable 
In contrast, necking in mode II is prominent, but void 
not The 
rupture surface is less jagged, but characterized by a 
large opening in the middle 
The characteristics of mode 


formation is so distinguished as in mode ] 


LIT are a lack of void 
formation and a wide opening of the rupture surface 
at both ends. Also, necking is not so predominant as in 
mode IT. Obviously, rupture in this mode is due to the 
development of two edge cracks situated opposite each 
other. Such development of paired edge cracks offers 
two advantages in initiating rupture over single edge 
December 1960 
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i/ 


Three modes of rupture observed on Si-Fe sheets between 
550° and 875°C 


cracks. First, it raises the tensile stress in the cross- 
section of the cracks more efficiently. Second, it does 
not disturb the symmetry in the state of plane stress 
and strain, thereby enabling the cracks to propagate 
towards each other under the notch effect. Mode III 
occurs infrequently when edge cracks are accidentally 
produced in pairs. It is therefore considered a minor 
mode. 

When the elongation to rupture is plotted against 
temperature (Fig.2) another difference is revealed 
among the rupture modes. While elongation measured 
in mode I is relatively low (10-15%) and apparently 
temperature-independent, ductility associated with 
modes II and III is higher and definitely temperature- 
dependent. Above 600°C, the elongation observed in 
the latter modes increases rapidly with temperature, 
it reaches a maximum value of 53-62°% between 750 
and 800°C, and then decreases above 800°C, 

The rupture modes are based on three processes of 
rupture of the sheets, namely, necking, void formation 
at grain boundaries, and the development of paired 
edge cracks. Each process leads to a distinct rupture 
mode, but often more than one process act together to 
give a mixed mode. The formation of intercrystalline 
voids is particularly noticeable between 550° and 
700°C. Its influence on rupture is likewise prominent 
below 650°C. At higher temperatures, rupture is solely 
dominated by necking. 


Tertiary creep and void formation 

To understand the increase of ductility in rupture 
mode II, it appeared advisable to analyse the creep 
curves at various temperatures. Hence a set of creep 
curves were obtained at 600°, 700°, and 800°C with the 
initial applied stress (o,) so chosen that all specimens 
had about the same rupture life. The curves have been 
analysed in Table I. As temperature increases, the time 
in pre-tertiary creep (t,) decreases while the tertiary 
creep time (f,) increases; the strain associated with 
tertiary creep («,) also increases markedly. Above 
600°C, specimens elongate more during tertiary creep 
than all other stages combined. 

Another important observation in tertiary creep is 
the development of voids. As shown in Fig.3, no holes 
penetrating the specimen are found at boundaries in 
steady-state creep at a magnification of « 15. In other 
words, the formation of visible voids with diameters 
larger than 2 x 10-* cm accelerates creep rate, thereby 
causing tertiary creep. This observation is in accord 
with the criterion that any undue structural change or 
mechanical instability will start tertiary creep. The 
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2 Elongation to rupture and structural changes (I-IV) during 
creep at different temperatures. I Serration and confined 
migration of grain boundaries. II Polygonization. III Re- 
crystallization. IV Grain coarsening. Numbers of voids 
developed in the ruptured specimens are indicated 


present finding coupled with those of Greenwood, 
Miller, and Suiter’ strongly indicates that the growth 

of voids is not expected to any appreciable extent 
before tertiary creep. Hence it is not surprising to note 
a great discrepancy between the rupture time and the 
theoretical growth time calculated by Hull and 
timmer® in their recent work. 

At 600°C, the true strain at which visible voids 
emerge is reduced with decreasing o,. Since this strain 
is essentially derived from steady-state creep (see 
Fig.3) and since the steady-state creep rate and o, are 
directly related, it is deduced that lower steady-state 
creep rates enable voids to form at smaller strains. No 
simple relation is observed between o, and the number 
of voids at rupture, which may be controlled by other 
factors such as grain orientation and grain-boundary 
morphology.® 


Effects of MgO coating 

Two effects have been disclosed of the surface coating 
of MgO on the creep-rupture behaviour of the sheets: 
(a) the creep resistance is effectively increased by the 
coating. For example, under o,=8060 Ib/in®, atid at 
600°C, the steady-state creep rate decreases from 
5-3 10-? h-! for bare strips to 0-63 x 10-* h-?! for 
coated strips, and (6) the coating reduces the suscepti- 


— — - - - - - — 


- 


/ ¢ - 
| Lal 
u- 


3 Formation of inte rerystalline voids at various sta Jes of creep. 
Vertical lines mark the ending of steady-state creep. Numerals 
in circles are the numbers of voids developed at the creep 
stages indicated by arrows. All tests except no.57 were con- 
ducted at 600 +-1°C 





Grain-boundary migration confined at 


grain corners. Specimen tested at 650°C 


x 200 


bility of the strips to void formation. In Fig.2, be- 
tween 550° and 650°C, five out of six bare strips fail 
through void formation whereas most coated strips are 
ruptured by necking. As a consequence of both effects, 
a considerable extension of rupture life is achieved by 
the application of a refractory coating 


Structural change during creep 

Creep brings about many structural changes in Si-Fe 
sheets. A temperature s« heme of the mayor changes is 
superimposed in Fig.2 and the changes are described 
below: 


Serration and confined migration of qrain boundaries 
Upon stressing between 500 and 650°C, some seg- 
ments of grain boundaries migrate over a small dist 
ance (Fig.4); while many others appear highly ser- 
rated. Most of the migrating boundary segments are 
around grain corners, signifying that the migration is 
strain-induced as a result of the blocking of boundary 
sliding at the junctions of grains. 


Development of sub-boundaries at 550°C x 600 
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Polyqonization 
at 547°C 
turbed grain boundaries (Fig.5) 


Specimens that have been ruptured 
boundaries at some dis 
At higher tempera- 
formed at grain 


boundaries and extend toward the interior of grains 


contain subgrain 


tures, sub-boundaries are more 


the size of subgrains also increases (see Fig.6 

In a comparison of the grain structure of two sets of 
specimens that have been similarly tested but differ- 
ently ruptured, it is noted that the apparent difference 
is the relative amount of surface area of grain boundar 
attached 
mens that ruptured after severe necking had most of 
their grain boundaries decorated with sub-boundaries 
those ruptured via void 
characterized by the absence of 


ies to which fine sub-boundaries are¢ Speci- 


whereas formation were 


sub-boundaries at 


most of the grain boundaries. Thus the suppression of 
void formation may be ascribed to the formation of 
sub-boundaries at grain boundaries 


It mav be further 


1 few re 
4, B, and C) emerg 


free matrix and heavily etched boundaries x 150 


ihsatructure 
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inferred that the presence of a cohesive coating pro- 
motes the formation of sub-boundaries. In one set. of 
specimens, substructure is developed much more pro 
nouncedly in the coated strip than in the bare strip. 
This correlation is consistent with the theory that 
surface films barriers to the motion of 
dislocations.!° Since all specimens are coated in the 


may act as 


second set, the difference in the creep-rupture beha- 
viour between specimens must be due to some un- 
revealed the 


factors bonding ot 


such as defective 
coating, ete. 

Recrystellization During creep, Si-Fe may recrystal- 
lize locally either in regions of high strain, usually at 
the rupture surface; or in polygonized matrix. The 
recrystallized grains have a substructure-free matrix. 
Their boundaries 
dition and by 
recrystallized 


are sharp as in the as-received con- 
Figure 7 shows such 
grains near the rupture surface. The 
lowest temperature at which this type of recrystalliza 
tion can H00-C 


no means zigzag 


occur has observed to be at 


Starting from 700°C, recrystallized grains are 


been 
nucle- 
ated at grain boundaries in polygonized matrix (Fig.6) 
Grain coarsening Specimens ruptured at and above 
800°C are characterized by a fully polygonized matrix, 
large grain size, and the emergence of many inclusions. 
The inclusions are originally contained in grain boun- 
daries but left behind to be within grains after the 
boundaries have migrated. Because of the diminishing 
impeding effect of inclusions at high temperatures and 
a different driving force that is provided by the differ- 
ence in sub-boundary energy per unit volume between 
grains,® the boundary migration is not restricted in 
extent nor in localities as in the confined boundary 
between 500° and 650°C. The extensive 


migration causes the coarsening of the 


migration 
houndary 


vrains 


TABLE | Analysis of creep curves at 600°, 700°, and 800°C 


7 Ten recrystalliz 


7 d qrains de r"¢ lope d 
near the rupture surface at 650°C 


150 


DISCUSSION 

In a recent paper, Chen and Machlin* have shown an 
increase of ductility of Cu with rising temperature, 
owing to the effect of grain-boundary migration on 
void formation. In the present case, however, the 
increase of ductility from 550° to 800°C must be due to 
other extensive 
migration does not occur until SOO°C. 


reasons because grain-boundary 

The analysis of creep curves in Table L indicates that 
the increase of €jo4a; With temperature is largely duc 
to a marked rise of ¢,. From its definition, ef may be 


expressed as follows 


|  Aédt eee ° . ° 1) 


a= 


where dé is the instantaneous tertiary creep rate, €,, 


minus €, and t, the rupture time, dé is always positive 
as €, is always greater than é€,. The analysis further 
discloses two effects of temperature: the increase of €, 
as a result of the thermally activated process of creep 
and the prolongation Ol fs by an early termination of 
steady-state creep in a fixed rupture life. 

Act ording to constant 
vield stress to represent an invariant mechanical state 
is detined as the ratio rh, 
ris the rate of recovery, ? so/dt. and A the 
coefficient of strain-hardening, h ao/de. An increase 
of r due to a softening process will not only bring 


Orowan!! who assumes a 
for steady-state creep, €, 


where 


steady-state creep to a prompt end, but also raise €; 
steadily in excess of €.. Both terms of €, In equation 
1) are thus promoted towards a large ey. Hence the 
large increase of ductility observed in Fig.2 may be 
attributed partly to the thermal effect on €, and partly 
to a major structural change that is 
softening process, 


essentially a 


Among the structural changes observed between 


550° and 800°C, only polygonization deserves a careful 
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examination because others are merely local phenom 
ena. Beck!* has reviewed various softening effects of 
polygonization in cold-worked metals. Although it has 
been suggested that polygonization may cause harde1 

ing,'* the hypothesis has not yet been proved by a 
crucial experiment. Currently Li! has concluded in a 
theoretical analysis that a dislocation wall is not a very 
effective barrier to the penetration of dislocations As 
seen in Fig.S, in no case has any avalanche of disloc: 

tions been held by a sub-boundary. The slip lines in 
this figure were produced at room temperature under 
compression in a sample previously ruptured at 700 C 
It is likely that poly 
process In SI I 


yonization Is mainly 
Hence the temperature 
coethcient of ductility may be partly ascribed to poly 


a softening 
positive 


gonization. This interpretation is in 
with the substructure at 
various temperatures previously described 


good agreement 


detailed development. of 


The effect of sub-boundaries on void formation may 
be explained by two models Fig.9. In the 
first model (Fig.94), sub-boundaries support the grain 
boundary in resisting shear stre It is also probable 
that the grain boundary p 

a 


introduced along the be 


illustrated in 


is stronger because 
With 


mav be 


more 
such 
pre- 
This mode Is par- 
ticul urly effective when the average sizé 
is smaller than the 
grain boundaries. When subgrains gr 


undary 


jogs 


strengthening 


grain-boundary sliding 
vented or it occurs to a lesser degres 
of subgrains 
spacing between SIICCESSIVE jogs ot 
w to larger sizes 
model may replace the 


another first one in subduing 


void formation. This second model ( Fig.9¢) is bi 
the hypothesis that 
tilt type 
not activate Frank 


ib-boundaries of the svmmetrical 


may migrate shear stress.'® which will 


under ; 
sources in the vicinity. The 


Read 
1] eve the 


migration of sub-boundaries will re stress con- 


centration induced at jogs by grain-boundary sliding 
The effectiveness of the on the 
orientation of the sub-boundarvy relative to the induced 
stress. The most favourable geometry is that |] 
vector of the edge dislocation 
in the direction of the 
models 

exert the 


SUMMARY 
Ne CKING void 


aevete 


second model depends 


irgers 


boundary is 
Although both 
they 


void tormatior 


in the sub 
induced stress 


may operate at different creep stages 


same minimizing effect on 


grain boundaries ind the 


pment of pared 4 s are three processes 


Inter- 
Hv) ( 


of rupture of 3-25° Si-F hove 550 C 


crystalline cra helow 


Necking dominates ruptu 


Inent 


vher temperatures, 


Rupture of silicon-iron sheets 


formati 


Ductilitvy associated with 
is low 10 LD ongation 
pendent. But ductility 

«>> 


ture increases rapidly from 22 


intercrystalline cracking 
and 


with necking-domir 


te mper iture-inde 


ited rup 
elongation at 600 C to 


a maximum value of 53-62 around 750 ¢ rhis 


increase of ductility has been ascribed partly to the 


thermally activated process of creep and partly to 


poly yonization 


found until the 
Void formation mav be 


Visible voids are not beginning of 


tertiary creep minimized by 


boundar- 


ettect 


the deve lopment of sub-he undaries at grat 


ies. Two models are proposed to account for the 
of sub-boundaries on void formation 


MgOsurface coatir 


reduc es the 


oinecre ses the 


creep re 


susceptibility of sheet 
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An X-ray high-temperature oxidation 


study on iron—copper 


H. J. Goldschmidt, D.Sc., F.inst.P. 


INTRODUCTION 

THE OBJECT of this short paper is two-fold: first to 
show that, as a technique for studying oxidation 
kinetics at high temperatures, X-ray high-temperature 
powder photography can prove a useful tool, and 
second, to demonstrate this by results so obtained on 
compacts of iron and copper powder mixtures. The 
X-ray and electron-diffraction methods for constitu- 
tional studies on the oxidation of metals are of course 
well established: however, this approach has generally 
been limited to work at room temperature on oxides 
previously produced at high temperatures, rather than 
on oxides while forming in situ at temperature (except 
for the electron diffraction work on the oxide films in 
formation, for instance by Jackson and Quarrell,! 
Germer,? and Gulbransen and Hickman.?) 

The use of iron and copper as the paired metals in 
this study offers (apart from its inherent interest) a 
fundamental point of attraction: the affinities for 
oxygen of Fe and Cu differ widely, yet not so widely 
that oxidation of the nobler metal is excluded: further- 
more, the Fe—Cu system shown in Fig.1, is essentiallv 
two-phase, so that mutual diffusion of the metals 
remains insignificant (in contrast for instance to an 
intersoluble Fe-Ni or Fe—Co pair), and no intermetallic 
compound occurs (in contrast to so many other iron 
second metal pairs). Therefore, the reaction system of 
the two metals vis-a-vis oxygen is simplified, and con- 
tact between the two primary metals can be main- 
tained, without confusing the issue by mutual alloying. 
That Fe and Cu are both transition metals of the same 
long period and of similar atomic size, is a further 
simplifving factor. 


EXPERIMENTAL 


The high-temperature X-ray diffraction camera used 
was that designed and built at these laboratories and 
described previously.4 In the present instance evacua- 
tion but a residual air pressure of 
0-5 w Hg was maintained, sufficient to permit a limited 
degree of oxidation. 

The samples consisted of intimate mixtures of high 
purity iron and copper powders of particle size 20-40 yu 
compacted to thin rods } mm in dia. in a special die 
under a pressure of 60 tons/in®. The proportions were 


was continuous, 
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SYNOPSIS 
The X-ray h igh-te mperature camera me thod can serve as 
a useful tool to follow the oxidation se quences on metals, 
and this is demonstrated on iron—copper mixed powder 
compacts. The results show the types and proportions of 
pure me tal and oxide phase s during oxidation as a func- 
tion of time and temperature up to 1000°C at a low air 
pressure. A major feature is a radical change in oxide 
constitution on passing the A. point in Fe, ace om panied 
hy the reappearance of the metal phase s, and suggesting a 
recovery tn protectiveness. 

The merits and limitations of the method are briefly 
discussed. 


50° Fe: 50% Cu (at 
specimens directly. 


). These rods were used as X-ray 


Temperature time sequences of exposures in the 
high-temperature camera were as follows 
Te mperatures 530°. 620°. 720°. S10 


~ 905°, LOOO-E, 


each maintained for 7 h 
0-1, 2-3, 4-5, 6-7 | 


ture. 


Times at each tem pera- 
The 1 h intervals between the (1 h) exposures per- 
mitted oxidation to advance, so that, as it were, an 
intermittent ‘cine’ sequence of oxidation was obt Lined. 
A new sample was used for each temperature. The 
radiation used was cobalt K., and phase identification 
and measurement of amounts were carried out by 
normal methods of powder photography. The tem- 
perature by a platinum platinum 
rhodium thermocouple to an accuracy of the order of 
2°C, using a method of calibration previously des- 
cribed.*® Cobalt K, radiation was used, and identifica- 
tion and measurement of amounts of phases were 
carried out by normal methods of powder photo- 
graphy, from the known diffraction patterns of the 
phases concerned 


was measured 


visual comparison with standard 
mixtures, as well as of the test photographs with each 
other facilitated the quantitative determination. The 
absolute accuracy was within about 10°, of the total 
amount given, but the relative accuracy of values (on 
which the main emphasis should be laid in considering 
the present results) was appreciably higher. 


IRON AND COPPER OXIDES 
The binary oxide systems Fe-O and Cu—O are well 
established, and a reference to the literature will 











Iron copper phase diagram (afte r Hansen) 


6 


suffice (e.g. see phase diagrams in Hansen® pp.605 and 
686). No ternary oxides of iron and copper exist; how 

ever, a partial solid solubility of Cu in FeO and in 
spinel Fe,O,, tending towards a spinel Fe,CuQO,, is very 
probable and the latter compound is known.? 

Table 1 summarizes, for reference, the known data 
on iron and copper oxides relevant in this connexion. 
The structural relations of Fe, and of FeO and Fe,0, 
formed on iron have 
paper.® 


been discussed in an earlier 


RESULTS 


The results of the present investigation, in terms of 
types and amounts of phases, are shown in Fig.2 


The following phases appeared: Iron in its % and y 
forms; copper; and the lower oxides wiistite, magne- 
tite, and cuprite; in no case has oxidation progressed 


to the free ferric or cupric oxides, although, of course, 
Fe,0, contains some ferric ions (the higher oxides 
being in any case unstable above about 850°C at the 
low pressures concerned) 

The curves in Fig.2 give a great variety of detailed 
information, which is instructive, not only 
consistent with known phase-relationships, but also in 
revealing, it is believed, several novel features. 
Figure 3 shows the overall amounts of oxide as against 
metal, ignoring the type of oxide. 


bec ause 


DISCUSSION AND CONCLUSIONS 

The rate of oxidation, as is to be expected, differs 
widely between the Fe and Cu components: at 530 
and 620°C, the proportion of free copper remains sub 


TABLE | Details concerning the pure iron and copper oxides 
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no) 


Re 


stantially unchanged, while that of free iron decreases 
rapidly 

The oxide formed 
620°C upwards wistite also occurs; this 
with the known fact of the wiistite 
Fe—O system occurring at 570 C 

The rate in free 
increases with temperature, up to the A 
iron 


at 530°C is spinel only. but from 
is in accord 
eutectoid in the 
of decrease iron through oxidation 
point. This 
720 C. where 
though 
more slowly; Fe,0, increases to large amounts, but 


FeO remains decreasing 


has become immediate at 


loss 


coppel also begins to be att icked appre i bly, 


subsidiary, even somewhat 
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after a maximum, in favour of Fe,0,. Similar beha- 
viour recurs at 810°C, except for the quantitative 
differences shown in Fig.2. 

However, radical changes in behaviour occur on 
passing from the 810° to the 905°C series, clearly 
associated with the z—»>y transformation (A, point) in 
iron (see Fig.l). These changes are: (a) free iron is now 
again present, in its y form, revealing, it is suggested, a 
greater inherent oxidation resistance than the preced- 
ing x form. The presence of free copper is also largely 
restored, but this has another reason (see 
(b) Fe,0, (spinel) disappears abruptly and entirely. 
The oxides now formed are the lower ones, of FeO and 
(for the first time) of Cu,O base. It is significant to 
point out that they are those oxides which in crystal 
structure are closely related to the face-centred cubic 
Fe and Cu (in FeO of course, the metal-ion 
lattice is identical with the atomic one in y—Fe and 
Cu, and e degree of protectiveness seems to be afforded 
by both ‘ac FeO and Cu,0O layers). 

The amount of FeO now steadily increases with time 
in contrast to the previous decrease; however this is 
probably explained simply by the elimination of 
Fe,0, formation. 

At 1000°C (see Fig.2) the picture is similar to that at 
905°C, except for quantitative differences, mainly an 
increase in FeO 

The test temperature of 905°C (-+-2°C) is close to the 
A, point, variously reported as between 900 and 910°C 
in pure iron, but lowered by a slight copper solution 
(eutectoid probably at 835°C and 3 at-° Cu, see Fig.1). 

It would thus appear that the sudden increase in 
protectiveness is associated with the presence of the 
simple (R**) Oand (R*),0 type oxide films rather than 
spinel (R**)O.(R ),O,, and that this in turn is due 
to the greater dimensional compatibility with the 
cubic close-packed base lattices of y-Fe and Cu. 
Furthermore, the formation by copper of its own 
primary oxide, Cu,O, would thus act more protectively 
than the previous spinel, which was iron-based with 
copper minor the latter, unlike 
Cu,O, would not be able to form a coherent lattice 
with copper, leaving it exposed to attack as at 810°C 
It might thus be said that the coexistence of z—Fe, in 
close intermixture, has detracted from the oxidation 
resistance of copper, but that this is remedied upon 
transformation to y—Fe, permitting Cu,O to develop 
The lattice contraction during the x ~yY may 
also have contributed to this effect. since the atomic 
volumes and coefticients of expansion of Cu are more 
with y-Fe than with Fe. 
remembered 


below). 


one a) “/ 
nes of 4 


only as a solute: 


change 


commensurate 
It must be in considering th 

that by X-ray diffraction we encompass of course only 

a surlace 


r'¢ sults 


layer of the specimen, which in the present 
of the order of 0-1 mm. 
Therefore the ‘absence’ of a phase will only apply to 
this depth of penetration, and the core of the specimen 
will still have contained free metal throughout. Also it 
that scale layers upon iron generally 
sequence FeQ--+Fe,0, -Fe,O, metal 
gas interface. In the present cas the 
even in the 


instance was of a thickness 


is known®: 9 
follow it 
oxide to oxide 
oxide coat 


irom 
severest case, remained suftici- 
ently thin to observe all phases within it: however, the 
magnetite laver may partly have masked some under- 
lving wiistite in intensity, and this may imply a certain 
quantitative underestimate of the latter in Fig.2; but 
that this correction is only minor, may be seen by the 
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3 Fe 


Cu oxidation, as Fiq.2 but total oxide formed 


genuine absence of wiistite at 530°C, where the magne- 
tite layer was in fact thinnest. Any hematite, Fe,O,, at 
the outside would certainly have shown, and its ab- 
must be attributed to the low pressure con- 
ditions, which, at the higher temperatures, would 
render the phase unstable, and at the lower ones would 
permit the relative rate of diffusion of iron and oxygen 
ions to be sufficient to maintain metal saturation. 
(y-Fe,0, of course also possesses the spinel structure: 


sence 


however, its formation under present circumstances is 
highly unlikely; in fact Gulbransen and Hickman? 
have shown by electron diffraction that it only forms 
on iron below about 200°C. Nevertheless, the tendency 
of the Fe and Cu oxides to dissolve oxygen and become 
defect lattice semiconductors is important, and the 
oxygen gradient will vary with pressure.) The same 
applies to cuprie oxide CuO, which is unstable above 
about 600°C at the pressures concerned. 

It has long been used as a criterion of protective- 
layer formation upon metals that a parabolic rather 
than a linear weight increase /time law holds good:!® 
the linear law reflecting the formation of cracks and 
continuous oxygen—>metal access, the parabolic one 
that of a coherent film. For iron, the position is com- 
plicated by the multiple oxide structures formed, 
although the AW?=AT-—C (4W=weight in 
crease, 7 temperature, K, (=constants) have been 
found valid with fair approximation.'! It would not 
appear justified to try interpreting the present results 
in these terms without caution and several corrections; 
but the total-oxide/time plot in Fig.3 nevertheless 
suggests an initially parabolic law, becoming linear in 
time. It certainly demonstrates the steady overall 
increase with temperature within the ferritic region, 
and the recovery as the austenitic region is entered 
(with the more specific breakdown given in Fig.2). 

It might be tempting to suggest the use of X-ray 
high-temperature powder photography as an alterna- 
tive means of oxidation measurement on metals in situ 
in the camera, with the added attraction that only a 
much smaller sample would be required than in con- 
ventional oxidation testing, and of simultaneous 
disclosure of phase formation. Absorption errors, th 
occurrence of phase-changes and other physical 
variables would, it is believed, always detract from 
quantitative precision. Nevertheless, much 
information can already be obtained by studies of the 


law 


basic 
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above type, and under standardized conditions in a set d . GULBRANSEN and J. W. Hickman: AIME Ts 
problem, the method can vary and possibly be de- ibl., 1946, nos.2068, 2069 
veloped to serve as one of simple quantitative routine 
oxidation analysis. 
While room temperature X-ray examination of 
samples subsequent to high-temperature oxidation is 
already valuable, phase-changes upon cooling are 
likely to occur (for example, oxide films which are FeO 
at high temperatures can convert to Fe,O, on cooling 
so that the need for high-temperature examination 
eXists. 
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The kinetics of sulphur transfer 


from iron to slag 


R. G. Ward, M.A., Ph.D and K. A. Salmon, M.Met., Ph.D. 


INTRODUCTION SYNOPSIS 


DURING the last 10-15 vears considerable i The transfer rate of sulphur from carb 
been focused on the problem of sulphur oval from 1 range of CaO—-MgO-SiO.—Al.0.—Cal 
iron and steel. To permit the maximum effic Vo nvestigated on a laboratory 

Val in industrial processes it is important We 1600 

ions involved in the sulphur transfer bet 

il and the slag should be fully under 
this end. a number of investigations have been re 
ported. ' From these result he influence of vari 
ables such as te mperature and siag COMposition are 
fairly well known, but the actual mechanism of the 
reaction and therefore the so-called 
process, 1s still in doubt 

For a full understanding of the kineties ¢ 

tion it is important that the sulphur transfer 


investigated over a wide range of ig compositions 


and temperature. Previous workers have tended t combine results from 
confine their investigations to relatively small chang experimental conditi 
in either one or the other of the 1 ! les so that only ‘ i al ol 
limited analysis is possible and it is not reliable t ANSTe! 
The present work was theref 
ected peel O0 Mak Beni ; the sulphur transfer rate 
Dr Ward + +) epartment of $ rev. University of compositions und temperati 
Sheffield and Dr Saln a 3s with the et irgical Laboratori« conditions met in the blas 


English Electric Company Ltd, tstone metal composition has me 
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; 7 , 
{rran jement of re taining crucible, reaction crucible, and si 1q 


holder within the furnace 
. 


MATERIALS 


A 20 |b batch of iron was obtained by 


melting soft 
steel scrap in an induction furnace and gradually 


TABLE | S$ and Si contents of iron 


Kinetics of sulphur transfer from iron to slag 


adding charcoal after skimming off the oxidized slag, 
until the iron was carbon saturated. The iron charges 
for the subsequent experiments were taken from this 
batch. The addition of the radioactive isotope S*° is 
described in the Appendix. 

The slags were prepared from pure oxides MgO, 
Al,O,, SiO,, precipitated chalk CaCO,, and CaF, 
powders. The powder was thoroughly mixed by rota- 
tion in a slow-running lathe for several hours and then 
melted under an electric arc.!® Sufficient slag of each 
composition was prepared for several experiments. 
Slags prepared in this way picked up a negligible 
quantity of carbon in the transfer experiments 


APPARATUS AND PROCEDURE 

In each experiment 145 g iron and 15 g iron master 
alloy containing radioactive sulphur were melted in a 
twin cavity graphite crucible held in a molybdenum 
wire wound furnace (Fig.1). A nitrogen atmosphere 
Was maintained in the working tube to prevent oxida- 
tion of the graphite. The crucibles were prepared by 
drilling two vertical holes 5 in. deep in a 2 in. dia. 
graphite block and putting the holes into communica- 
tion at the bottom. The larger cavity (1 in. dia.) served 
as the main crucible for the iron and slag, and the 
smaller cavity (0-45 in. dia.) was used as a sampling 
hole from which metal could be sucked into a silica 
tube without contamination by the slag. A copper rod 
inside the silica tube controlled the length of the 
sample 
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the spread of radioactivity. This method of counting 
solid samples is to be preferred to the more usual 
method of counting crushed samples since it reduces 
to a minimum the serious health hazard attendant 
upon radioactive dust. 


RESULTS 
For convenience of reference, the experiments are 
grouped together according to the slag composition, 
and the slag identification numbers have’ been 
arranged so that slag no.1l is the most basic and higher 
numbers roughly correspond to higher acidity up to 
slag no.14. Slags nos.15, 16, and 17 illustrate the 
effects of ealeium fluoride additions to oxide slags. 
The values of the sulphur concentrations in iron 
see Table I) have been rationalized to an initial con- 
centration of 10% to allow immediate comparison of the 
results for different temperatures and slags. The aver 
age concentration of sulphur in the iron before addition 
of the slag was 0-16 wt-°,. A number of the samples 
were large enough (2 g) for chemical analysis to detet 
mine the silicon content of the iron and these results 
are given in Table 1. However, the values in many 
cases, particularly the more basic slays, are small and 
in view of the small sample weights, are best con 
sidered as a qualitative indication of the rate of slag 
silica reduction. The prefused slags were chemically 
analysed by fusion with sodium carbonate and extrac- 
tion of the fused mass in acid Subsequent analysis 
followed the standard gravimetric methods. The 
inalvsed compositions of 
Table I and temperature 
10°C of the stated value 
Most of these slays presented no particular diffieul 
es log [S] v time ties, but a few behaved in an abnormal way. Slag 
no.6 had a fairly high |i lus temperature (about 
iron samples were representative 13690-C) and could not premelted the slag 
‘iron in the main cavity, a close-fitting graphite crucible (Fig.1) even for the experiment at L570 ( 
plunger was used to displace the iron from the samp! was theretore dropped on the liquid i 
i 


ng hole except when a sample was required. When the — prec ind the finite time required fo 


furnace te mperature was st idyv at the desired value IS probably the reason for the initial 


, - \ 1 
an iron sample was removed, and then 45 g of prefused However, the lat: 
slag Was vdded W he never practi ible . graphite slag this has beer 

I , , 


cup ituated above we reaction crucible t 


wer Tempel 
Fig. yw vation molten slag in a tion time is] 
temperature’ of th ‘atively slow a 
tl 


rates wel 


oval of si 


Iv that tl 


1 


ae | 
n periods 


+ 


temperatures below 


ialvsis fo if was probably too slow to f in interface 


he fi his t sample ghl The fluoride-bearing slags, nos. 15, 16, and 17 
evilindri cimens were ground flat on the it an addition of 4:5 wt of Cak,. Of these 


surfaces and the surfaces were held in a fixed posi no.l6 had a fairly high liquidus temperature 


tion under the end window of the Geiger—Miiller tubs 1450 C) and it is significant that the rate 


The grinding operation was carried out under — transfer at 1460 °C is considerably lower thar 


a specially constructed apparatus to avoid expected from consideration of the thre 
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rature experiments. This illustrates the import 


ance of exceeding the liquidus temperature of 


by 30-40-C if the variation with temperature 
slag pre perties is to bye determined by measure 
a limited number of temperatures 


no.16 is equivalent to 


Slag 
with this 


during expernnents 
1505 C only the first four 
in temperature contre 


samples are 


dithecuilties 


detined the rate ‘reaction and re 


the rate coethe! nt ( obtained 


DISCUSSION 


Factors governing sulphur transfer 
with other mas 
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mMposition 


ponents 


t transter expern 
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TABLE I! Derived values of the activation energy Es (kcal, 
g mol-') and the frequency factor A (g cm? 


min~—') for sulphur transfer from metal to slag 





Slag no. E, 





keal/g mol; R is the gas constant (1-98 cal “C-} mol}; 
and 7’ is the absolute temperature, “K. On taking 
logarithms, equation (4) becomes: 
Es 

log ku =log A ~ 37503 RT 
Plots of the logarithm of the rate coefficients in 
Table [ versus 1/7' are shown in Figs.3 and 4; these are 
clearly linear obeying equation (5) showing that sul- 
phur transfer is a thermally activated process. Values 
of the activation energy #, and frequency factor A 
obtained from these plots are given in Table If. The 
errors in £, and log A are estimated to be 
mol and 5°, respectively. Knowledge of E, and A 
enables the rate coefficients at any temperature to be 
calculated from equation (5). These are also useful 
parameters for describing the effect of slag composition 
on sulphur transfer. 

The parameter E. 
silicon transfer from slag to metal in those experi- 
ments (slags 8, 9, 14, and 16) in which the transfer was 
well defined, and these values are summarized in 
Table III. In the case of silicon transfer to the metal, 
the rate of uptake was initially constant and the rate 
coefticient k was calculated from this initial slope. No 
useful estimate of the silica activity can be made for 
the relatively complex slags and therefore ‘A’ values 
are not quoted for silicon transfer. 


5 keal vy 


Effect of slag composition on sulphur transfer 


Comparison of slags 1 and 2 containing similar alumina 
and silica contents allow the relative effects of lime and 
magnesia in aluminous slags to be assessed: 

Slag CaO MgO Al,O, SiO, ku Es 

] 62 0 30 8 


v4 $l 31 29°5 So 


O-O56 xO 
0-021 SY 
The transfer coefficient ky,, quoted for a temperature 
typical of blast-furnace conditions of 1480°C, indicates 
that CaO is preferable to MgO on a molar basis if a 
high rate of desulphurization is required, and the 
identical activation energy indicates that the super- 
iority of CaO will be maintained at all temperatures. 
The relative effects of lime and magnesia in siliceous 
slags can be assessed by comparison of slags 8 and 9 
Slag CaO MgO AL}, 
8 8 a 6 39 


9 13-5 9-5 6 1] 


ky E, 


O-0082 1] 


S10, 


O-OOS87 3 


Here the superiority of CaO over MgO is hardly 


significant in the rate coefficient, but could account 
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TABLE ilf Parameters for silicon transfer from slag to metal 





is used to desc ribe the rate of 


Temperature, 
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for the objection to MgO expressed by some blast- 
furnace operators, and the activation energies are 
indistinguishable, to within the limits of experimental 
error. 

The changes in sulphur transfer caused by replace- 
ment of lime by magnesia are negligible compared 
with those brought about by variations in the ratio of 
silica to alumina (compare slags 1, 2, and 3, with 4, 9, 
and 11) or of silica to lime (slags 9 and 12-14). These 
effects in the quaternary CaOQ-MgO-AI,0,-SiO, svs- 
tem can therefore conveniently be summarized by 
regarding CaO and MgO as equivalent, and considering 
the oxide slags as belonging to the pseudo-ternary 
(Ca~Mg)O-Al,O0,—SiO, system. Plots of the rate 
coefficient ky, at 1480°C, the activation energy FE, and 
the ‘frequency factor’ A in this pseudo-ternary are 
given in Fig.5 on a weight percentage basis for later 
ease of application to commercial practice, and these 
plots show smooth variations with composition. The 
detailed discussion of Fig.5 is postponed until later, 
but some general comment may usefully be made. The 
overall effect of slag composition is that the addition 
of silica or alumina to a basic slag, i.e. as the composi- 
tion moves out radially from the (Ca, Mg)O corner, 
produces a decrease in the rate of desulphurization. 
This is accompanied by an increase in the activation 
energy and hence in the rate of increase of sulphur 
transfer with increasing temperature. Too few slags 
have been investigated to allow much reliance to be 
placed on contour lines in Fig.5, but as most data 
exist along the line joining the (Ca, Mg)O corner and 
the 20% Al,0., 80°, SiO, composition, ternary sections 
along this line have been included to emphasize the 
abrupt effect of composition between 45 and 50° SiO,. 

The pseudo-ternary plots of Fig.5 may be further 
reduced to a pseudo-binary system by use of an 
acidity function derived by Negresco.!® This was 
shown to correlate successfully, equilibrium data for 
the sulphur distribution between slag and metal for 
which the relative contributions of the four oxides 
CaO, MgO, Al,O,, and SiO, were found to be 1, ?, 0, 
and 1: the data are then a function of acidity 
expressed by a silica fraction 
a SiO, 

N’ si. CaO +3MgO+SiO, 

Using this function as a composition parameter, the 
data for ky,, Ez, and A from the present investigation 
re given in Fig.6. The experimental points for the 
siliceous slags lie on one arm of the plot at the right of 
the diagram, and the aluminous slags are on a second 
branch on the left-hand side. The apparent success of 
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a compositions of slags used 
¢ experimental activation energies E (keal/g n 


Unbracketed numerals are results for pure 


5 | arvation of sulphur transfe r parame fers u ath slag compositions given tv? pe re 


this silica fraction in correlating rate data may be for- 
tuitous and more slag compositions need to be investi- 
gated before the value of this function can be assessed. 

The effect of calcium fluoride additions to oxide 
slags is shown in Table IV. 

In all cases the addition of fluoride substantially 
increases the rate of sulphur transfer at 1480°C to an 
extent which cannot be explained on the basis of 
calcium fluoride being regarded as a basic addition 
equivalent to lime on a molar basis. The activation 
energy is also significantly lowered and the zero activa 
tion energy indicating a temperature-independent 
sulphur transfer coefficient for slag 16 is most sur 
prising. These results conclusively show that the role 
of calcium fluoride is not simply to aid the solution of 
lime or to increase the basicity of slags, as has fre 
quently been proposed, but rather that fluoride addi 
tions produce a direct increase in the rate of sulphur 
transfer. 


Rate limiting process in sulphur transfer 

The transfer of sulphur from metal to slag results in a 
build-up of negative charge in the slag and to restore 
electrical neutrality this the 
simultaneous transfer of some anion from slag to metal 


must be balanced by 


Kinetics of sulphur transfer from iron 


nts at 1480°C f 


1 
rais are 


entage by weight 


or of a cation to the slag from the metal, giv 
reactions such as 


ng overall 
S]-+[Fe]=(S? Fe? 


(S]+(O2-)=(S?-)+[0 


Thus the transfer of sulphur alone cannot be consider- 
ed, and the behaviour of the accompanying elements 
must also be 
involve three steps 


studied. The whole transfer process will 


(i) diffusion of reactants, e.g. [S]}, [Fe], (O° 
intertace 
reaction at the interface 


diffusion of products, e.g. (S‘ Fe?+), [QO] 
from the interface 


to the 


If one of these steps Is sign hicantly slower than the 
other two, then the rate of this step will 
rate of the und the identity of thi 


tep 
would be of considerable value in understanding the 


control the 
whe le proce s 
factors governing the sulphur transfer rat 

The that transfer of sulphur 
depends on slag composition, hence diffusion through 
the liquid metal cannot be rate 
diffusion in the slag or the rate of chemical reaction at 
the interface is the limiting step in the process. These 


experiments show 


limitir and either 


two alternatives will now be considered 
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of sulphur transfer parameters 
lin terms of the Negresco silix 
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iO MeQ) 
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Diffusion control 
activa- 
should he 


is diffusion controlled, the 
and transfer 
ind it is therefore of interest to compare the 


It sulphur transfer 


ion energies for diffusion 


> energies for diffusion of 

’ with 
polated from big.5e¢ 
which the 
been ecaleulated from data 


sulphur,!? oxygen,!5 
for sulphur transfer inter 
civen in Table \ in 


those 
The 


activation ene 


data are 
v for sulphur diffusion has 
given by Saito et al.'7 and 


on all figures are estimates by the 


the limits of erro) 
present authors 
In all comparisons in Table V the 


for sulphur 


etivation energy 
transfer lies within the 


Hut the 


wide prob ible 
values are so 
Table \ 
for the 


diffusion 
ipparent agreement in 
garded as conclusive evidence 
fusion control of 
In addition to 


would 


diffu sulphur transfer 
energies, It 


rate of 


activation 
compare the 


comparing 


also be instructive to 


sulphur flow calculated by assuming a diffusion control 
mechanism, with that obtained by experiment. Thus, 
if sulphur diffusion is rate controlling, the flow of 
sulphur (J/g) away from the interface into the slag is 
given by Fick’s first law 

(S;—S 
” X 
where Dg is the diffusion coefficient of sulphur in 
slag:!7 S; and Sp are the sulphur contents in the slag 
at the interface and in the bulk, respectively ris 
the thickness of the stagnant slag boundary 
Initially Sp, is zero, and if S; 
librium with the metal then it may be replaced by 
°7°S| Ls. where Lg is the slag/metal sulphur distribu- 
tion ratio. The above equation can therefore be re- 
written: 


Jag=De/x [%S] Le g min- 


J.=—D 


g min 


i 


laver, 
is assumed to be in equi 


This flow should be equal to the flow of sulphur across 
the interface from the present experiments, Le 


ky [%S] g min“? 


The equivalence between these latter two equations 
cannot be checked as the thickness of the boundary 
layer vis unknown, but if the equality is assumed fora 
50% CaO, 40%S810,, 10°, Al,0, slag at 1440 °C for 
which Leg is taken as equal to 100, a value of 0-03 em is 
obtained for the slag boundary layer thickness, which 
is of the same order as that quoted by Darken.?° This 
slag boundary laver thickness seems entirely reason- 
able and although this does not constitute proof of 
diffusion control, it indicates that diffusion 
control could account for the observed results. 


avain 


Chemical control 
No activation energies for the reactions occurring at 
the interface are known, so no comparisons with the 
observed values can be made and the only method of 
attack is to set up a model of the reaction which is in 
accord with the experimental facts. 
The most significant experimental 
equality for oxide slags of the activation energies for 
sulphur transfer to those for silicon transfer (Table 
VI), in those cases where the silicon transfer to the 
metal was sufficiently large for an activation energy to 
found for the 


fact 1s he 


be calculated. (This equality was not 
fluoride bearing slag no.16.) 

The equality of the activation energies for oxide 
indicates that the rate of sulphur 


transfer is governed by that of silicon (or vice versa) or 


slags either: (a 
b) both transfers are controlled by a common factor. 
A possible explanation of the difficulty of sulphur 
transfer to these essentially 
few free 07> ions, lies in the difficulty of replacing an 
oxygen ion of diameter 2-80 A in the tetrahedral co- 
ordination silicon ion by the 31°, larger 
sulphur ion (diameter 3-68 A). This transfer would be 


acid slags, i.e. slags having 


shell of a 


TABLE IV Effect of a 4-5 wt-”., addition of calcium fluoride to oxide slags 
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Comparison of the transfer parameters for sulphur 


Comparison of the activation energies for metal 


slag transfer and for self-diffusion and silicon 
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lines of basicity ratio* 1-0 and 1-5 and with alumina 
contents up to 30 wt-°,. This indicates that the highest 
rates of desulphurization are to be expected with basic 
slags (high V ratio) containing the minimum possible 
alumina, while much lower rates should be obtained 
with acid slags of high alumina content which would 
therefore be less likely to reach equilibrium with the 
metal. 

The detailed extrapolation from the present studies 
to steelmaking conditions is impossible, but it is of 
interest that the addition of calcium fluoride to oxide 


slags, in all cases substantially increases the rate of 


sulphur transfer beyond any possible effect of calcium 
fluoride on the basicity of the slag, as noted earlier. 
This therefore resolves the controversy which has 
existed for many years as to whether fluoride addi- 


tions have any direct value in promoting transfer of 


sulphur to the slag. 
It is of interest that the highly aluminous slags 
(nos.1—-3) have high transfer coefficients, showing that 


the Perrin desulphurizing process utilizing this type of 


slag is successful owing not only to the thorough mixing 
used in the process, but also to the inherently high 
desulphurizing rates of these slags. 


CONCLUSIONS 
1. The initial transfer of sulphur from metal to slag 
obeys a first order reaction equation of the form 
d[S}/dt=Kyj[5] 
2. The rate coefficient ky, is generally increased by: 
(i) increasing the temperature 
(ii) increasing the slag basicity 
(iii) adding calcium fluoride to the slag. 
3. In the normal range of blast-furnace slags, 
maximum rate coefficient 
slags of high basicity. 
+. The transfer process is thermally activated, and 
the effect of temperature on the rate coefficient for any 
slag obeys an Arrhenius equation: 
E/RT) 


where the activation energy /., varies between 0 and 


the 


occurs with alumina-free 


ky=A exp | 


120 keal g mol}, depending on the slag composition. 

5. The transfer of sulphur to pure oxide slags is ac- 
companied by the transfer of silicon to the metal with 
the same activation energy. This indicates that both 
sulphur and silicon transfer are limited by the same 
factor, which is probably the difficulty of removing a 
silicon from its coordination shell of 
atoms 

6. With fluoride-bearing slags the activation energy 
for silicon transfer exceeds that for sulphur, suggesting 


atom oxygen 


different mechanisms for the two processes; possibly 


the removal of silicon from its oxygen environment 
and the direct exchange of fluorine and sulphur ions 
respectively, 
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APPENDIX | 


Preparation of (Fe-} FeS + FeS* 
Na.S*°O, solution 


from aqueous 


The active isotope was obtained as an aqueous solution of 
Na,S*O, from the Radio Chemical Centre, Amer The 


quoted radiochemical purity in this form is > 99°,, and is to 


sham 
be preferred to FeS*® or S*® which are available but of un 


known radio chemical purity, as contamination by other 
radioactive isotopes is undesirable in counting experiments 
In the conversion of active sulphate into FeS*, about 4 g 
anhydrous Na,SO, was spread evenly in a rectangular boat 
iron, to 10 emx1°3 em~x 1-7 
1 cm > 
) 


aqueous solution of Na,S*QO, (2 m« 


machined from armco em, 


external and 6 cm 0-5 em internal dimensions. The 


0-5 ml) was then carefully 


pipetted on to the carrier sulphate, and the crucible was 


charged into a silica working tube of a Nichrome-wire wound 
furnace. The ends of the working tube were fitted with rubber 
bungs and water-cooled. Hydrogen was then passed through 
the tube and after about }? h the furnace was switched on and 
the temperature raised to 1 000°C over a period of about 24 h; 
this temperature was maintained for 15-20 and the 
furnace was then switched off. The effluent gas was passed 


Thin 


through an acid solution of lead acetate to collect the small 

amount of sulphurous gases carried over. As a further pre- 

caution, all operations were carried out in a fume cupboard 
After cooling, the crucible was transferred to a flask con 


taining an ammoniacal solution of ferrous sulphate. Ion 
exchange occurred and a precipitate of ferrous sulphide was 
obtained. The precipitate was allowed to stand for several days 
and then filtered on a Bruckner filter. The mixture of oxides 
and hydroxides of iron and ferrous sulphide, and filter paper 
was charged into a graphite crucible in a vertical tube furnace, 
and after drying for 3-4 h at 300—400°C, 200 g of carbon-satur- 
ated iron was added and the furnace temper iture Was 


to 1400°C. All gases coming from the 


raised 
furnace were passed 
through solutions of potassium chromate and then lead acetate 
to remove traces of sulphur compounds, before escaping to the 
atmosphere. 

The liquid iron containing active sulphur was then with 


drawn by suction into a silica tube, providing convemient rods 


for additions to the transfer experiments. All operations were 


carried out with scrupulous care to avoid any spread of radio- 


activity 
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Liquidus and solidus relations in 


iron-rich iron—carbon alloys 


R. A. Buckley and W. Hume-Rothery 


INTRODUCTION 


The previous work on the iron-carbon equilibrium 
diagram has been summarized concisely by Hansen.! 
For the liquidus curve, the results of different investi- 
gators, differed considerably, while for the y-solidus 
curve the variation even greater. Hansen pre- 
ferred the work of Adcock? for alloys of up to 5 at-% 
carbon, and of Ruer and Goerens? for alloys from 5°, to 
17% 
the phase boundaries. Very little accurate work has 
been done on the 6 solidus and 4 solidus, there being 
no results of any significance on the 5 
5°, and 9° 

On Adcock’s diagram the liquidus and solidus fall 
steeply from the freezing point of pure iron (1533°C) to 
a peritectic horizontal at 1493°C where the following 
reaction takes place 


was 
carbon as representing the most reliable course of 


solidus between 


( arbon 


6 (0-46%,C) liquid (2-33°,C)—»y (0-74 C 

The y liquidus and solidus then fall less steeply until 
the eutectic temperature 18 reac hed. At 1153°C the 
liquid freezes as a eutectic mixture of y-phase+- pure 
carbon. The eutectic point is taken as 17-1 carbon 
from the work of Ruer and Goerens, and the limit of 3 
solid solubility as 8-79°;, carbon. The latter figure was 
obtained by an extrapolation of Adcock’s results to the 
eutectic horizontal 

From an assessment of some thermodynamical data, 
Darken and Gurry* have put the peritectic tempera- 
ture at 1499°C 
recent publications. 
freezing point for 


This value has been qui ted in some 
This temperature refers to a 
which also 
exceeds Adcock’s value by 6 C. Both of these figures 
refer to the 1927 international scale 
the fixed points are 
palladium =1554°C; these points are 2° higher than on 
the 1948 temperature scale. In work at 
Oxford®~* the freezing point of BISRA ‘H’ iron has 
consistently 3°C but as there is 


pure iron of 1539°C 


tf temperature on 
nickel 


which ] t55o°C and 
»> } 


previous 


been measured at 1533 °¢ 


Manuscript 


84/60) 


1960 (BISRA ref. MG/A 
Rothery and Mr 
ment of Metallurgy, 


Professor Hume Buckley are at 


Oxford University. 


the Depart- 


SYNOPSIS 
T he equilibrium diaqram of tron-rich tron—carbon alloys 
has heen determined by a combination of the methods of 
and 
The results 


other recent work, 


thermal analysis PmLCTOS opical ‘ ramination of 


quenched spe 
with the curves 


are in good agreement 


mens 
qiven and contirm 
that Hansen was correct in rejecting « rperimental points 
which made the equilibrium diagram appear to he so 


uncertain 1S89 


usually a difference of 1-2°C between the value given by 
the cooling curve and that given by the heating curve, 
this temperature is probably 1-2°C too low. A 
1535°C is in agreement with the 
who has re-determined the trar 
iron obtained 1536 C for tl 


A series of alloys has been 
‘ 


value of 
of oulanger® 


in pure 
Ireezing point. 


worl 
iIsItiON 
and 
ired with carbon 
of the 
] 


oundaries 


pre} 


contents of uy 20 at and the temperature 
liquidus, sol ind delta-gamma ] 
This work 1 1e t 
for the determination of the 


carbon—M, where M is 


have been determined stage ot 


the project ternary 
grams of the form iron 


metal 


EXPERIMENTAL 
Alloys have been made up USING BISRA H 


GO-Q5 O-OOD 


iron of 
carbon by weight) and 
ly re graphite. Als some of the 


lower percentage carbon alloys were prepared using a 


purity 
spec Trose opical 
»~ 


ntaining 6-25 at ipplied by 


the ‘H’ 


master allov c 
BISRA 
ron. 
Ingots of about Ited in vacuum 
10-4 em) in pure alumina o1 thoria 
crucibles. All allovs containing more than 4 at- 


CaTDO! 
pat, : 
Phis Alioy simmiial 


was ot purity to 


10 ¢ each 


either 


were me 


pure 


carbon were melted in thoria crucible 


became contaminated w luminium if alumina were 


1 
used \ { 
0-0] 


in melted in the t there 


Wwenre 


! 
difference in the results from tho nelted in alumina. 
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Estimation of hydrogen in pickled steel 
by vacuum extraction at 700°C 


K. Sachs and M. Odgers 


INTRODUCTION 


THE ANOMALOUS OCCLUSION of hydrogen in steel and 
the concomitant deterioration in properties are of 
scientific interest and of practical relevance in industry, 
and a substantial literature has accumulated. Much 
effort has been expended in the analysis of steels for 
hydrogen introduced in steelmaking and in welding; 
hydrogen embrittlement in pickling and electroplating 


also re 


has ceived attention. Lt is surprising, therefore, 
that work on the amount of gas absorbed in pickling 
and electroplating has been very restricted. 

An extensive survey of the literature revealed some 
isolated hydrogen determinations on pickled or ele 
trocharged steels'!~*; most systematic studies quoted 
analysis results which, while internally consistent, 
cannot be compared with those ot other workers,°:*~® 
and only one of them!! employed a really adequate 
method of analy sis. 1 

The etfect of pickling on the hydrogen absorption 
and ductility of various steels has been investigated at 
the GAN Group Research Laboratories. The present 
paper the methods employed and som 
experiments carried out in the course of developing the 
routine specimen preparation and analysis. The scattet 
of results is compared with figures taken from pub- 
lished papers and reasons for the fairly high random 
fluctuations in the gas analysis figures on pickled 
specimens are considered in detail. 


desc ribe S 


PROBLEMS OF HYDROGEN ANALYSIS IN 
PICKLED SPECIMENS 


In taking samples for gas analysis, special precautions 
must be observed to avoid loss of hydrogen. In steel- 
making and weld samples hydrogen is lost mainly at 
high tem peratures and rapid cooling is the essential 
requirement; some hydrogen may also be evolved at 
room temperature, however, and this tendency in- 
creases with the total hydrogen content. In pickling 
and electrolytic charging, substantial hydrogen con- 
tents can build up and it is essential that no time 
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SYNOPSIS 
A technique 
of pickled SPECLMENS ts 


I My ductility testi) q and hydroge iT] analysis 
The scatte) 
“ure aasor ptt n at the sur- 
Jace contributes to the scatter. the main « 


described 


of analysis 


results ws high: althe ugh moist 


ause is variation 


in the ~NeNS: the 


respon e to picklu { of sin lar sper 
fluctuations are due to the amples and not the analysis; 
; 

sulphide inclusions ha ( 


ippreciable mfiuence on 


hydroge n absorption in pickling. Gas 
highe 


f volution at te hhi- 


peratures and lower than 700 C is considered. 


LS66 


should be lost between charging and analysis. In view 
of the large fluctuations in hydrogen absorption be- 
tween similar specimens subjected to similar pickling 


conditions, 


it seemed desirable to determine ductility 
and hydrogen content on the same specimens In the 
present work, therefore, the pickled ~ 
broken in a fairly rapid bend test an 


ecimens 


me half 


| were 
i 


Was 


( 
used for analysis; in some cases the other half was kept 
in solid CO, tor analysis at a later date, | 

remaining 


ut mostly the 
neces were stored at room te mperature. it 
Was necessary to estimate how much hy 
Like ly to be lost during bend testing. 


drogen was 

Evolution of hydrogen at room temperature may 
proceed more rapidly in a vacuum than in the atmo 
sphere. For this reason it was essential to keep the 
analysis apparatus fully evacuated and ready to 
detect gas evolution as soon as the specimen was 
introduced. In practice the specimens entered the 
apparatus through a mercury column and were then 
taken into and removed from the furnace tube by a 
magnet; some air inevitably enters the mercury 
column together with the specimen; the gas introduced 
in this way was pumped off and checked for hydrogen 
before the analysis proper; the specimen was held 
magnetically below the surface of the mercury during 
this operation. 

In vacuum annealing at temperatures of 600-700°C, 
reactions may occur between various elements in the 
steel, primarily carbon, and oxygen or moisture in the 
form of inclusions or adsorbed films. It is desirable, 
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Evolution of hydrogen in a vacuum at room temperature 











therefore, that the sample should be perfectly clean on 
entering the apparatus, and samples taken in steel 
making are often machined all ible 


over. This is impos 


in the case of pickled specimens, because the surtace 
{ the steel are richest in hydrogen. Every care 
from the 


specimen and to dry it thoroughly after washing. 


must be taken to remove all traces of acid 


VACUUM EXTRACTION APPARATUS 


wpparatus Hrdiar mn 


principle to 


?oOhsists primarily of a 


chromium resistance | 


ind appropriate high-vacuum equipment; ti 


introduced via a barometer tube. The 


by a mercury diffusion pump 


sevolved by the specimen in the 
mbined Topler pump and McLeod 


surmounts the bulbs 


1 palladium tube 


gauge 


mereury diffusion pump evacuates the 


ced by a rotary vacuum pump. 


variation in the zero reading 


of tailing reury in the 
CAPLIATS ul rine ne the ealibr ited bulbs ‘| he 
this e¢ aid 


n pickled speci 


maximum maivsis trom vuse 
in investigations « 

lowest hydrogen contents of interest 

ot 2-0 ml LOO g 

on the furnace 

readings on the 


the blank being about 


when hot is corrected 
McLeod gauge scale 


2 mm/h 


ht “blank 

otting 

furnace time, 

The blank on the other bulbs is not signifi 

2 mm on 2 for the first two hours 

furnace time and negligible thereafter. Analysis times 
varied from 1} h to about 7} h 


ae 
bulb 


BEND TEST AND ANALYSIS 
In the bulk of the work the specimens were charged by 
pickling in cold 50°, HCI, using the time of immersion 
as the experimental variable. Each was 
pickled in 50 em? of fresh solution, washed in running 
water under a tap, wiped with a cloth, and broken in 
the bend test. 

The bend test carried out on a Hounsfield 
tensometer, using a 3-point jig which bends the bar a 


specimen 


was 


maximum 


raea. during 


the 


rittl 
rit 


em 


miat 


veriments in wi 
Vacuum extraction app iratu 


ving he 


collect anv | vdrogen ¢ they 


were removed when two successive re wed 


gas evolution. The 


ho imcrease in 
lable I, 
hydrogen at room temperature 
had bee n lightly a high sulphur free 
cutting steel evolved a considerable proportion of its 
with 


ented in 
little 


results pre 


show that mild steel specimens lost very 


perhaps because they 
cold worked ?®.!* 
hydrogen at room temperature, eve pecimens 
cut from lengths of rod broken in a tensile test. S 
extracted at 1 


silver steel and from 


hydroger was om temperature trom 


evanided specimens. The actual 
rate of evolution is plotted in Fig.1 for representative 
specimens; the graphs are extrapolated backwards for 
10 min and the estimated hydrogen | 27 mi 
100 g for free-cutting steel Enla (4-7°, of the hydrogen 
evolved at room temperature), 0-08 ml/LOO g for silver 
steel, and 0-07 ml1/100 g for mild steel. These figures 
are in rough agreement with estimates of losses before 
analysis from specimens cut from weld deposits.!7 It is 
evident that the amount lost in the first 5—10 


SSeS are 


min 


Journal of The Iron and Steel Institute December 1960 








408 Sachs and Odgers Estimation of hydrogen in pickled steel 





TABLE II1 Loss of hydrogen in the bend test 








values for similar pickling time ar« rather more re 
produc ible than is suggested by the scatter quot din 
Table Il: however. the figures are based on gas evolu 
Mild steel | tion at 170 Cand although check analyses established 
106 
TIME AT RC 











that the gases consisted largely of hydrogen and that 
less than 10°, more gas was evolved in subsequent 
vacuum extraction at temperatures up to SOO ©. some 
doubt must remain whether all the hydrogen absorbed 


outside the apparatus was in fact included in the analysis. The analyses of 
vacuum, is not likely be appreciabl electrocharged specimens?! show siderably more 
fluctuation in the experiments Vi LIDS t he most 


SCATTER OF ANALYSIS FIGURES tic results. the analvsis samples were machined 
In view of the specia , sof the hvdros nanal : rom tensile specimens fter electrocharging: consider 
of pickled steel discuss ibove, some ran able loss of hydrogen may occur in machining and 
of analysis results and of true hydrogen contents was elaborate prec iutions are sometime s taken to prevent 
to be expected. As a check of the rel ilits the this loss by cooling the work with liquid 
analyses, the seatter is compared in Table th during machining.!® Extremely reproducil 
obtained by other works rs in determinations of \ were obtained on a small number of Armco 
drogen contents derived from ous sources: steel mild steel (SAE 1020) specimens pickled and pre 


making, charging with hydrogen Iting undet pared for analysis under unspecified condition 
hydrogen-rich atmosphere, athodic trea The seatter of analysis results in the pres 
and by pickling. The mild steel sus in vas extremely high. It is based on sufti 
1 “work came from tw ‘Onl V1 qui ents to be fully representative 
from the same hea ven ingot. The se likely to arise in pickling and a 
due mainh | of hydrogen in the steel is h 
ences, but must have been intro Lit va high sulphui 
ling, washing, or drving ctTua s are rather 
Table IL shows that in spite of the careful prepa ‘ g ol 
tion of the specimens the 


steelmaking’ samples wa ppreciable ue. no This 1 be ; buted to random 
doubt to variations in irnace conditior ! eS) ) imilar specimens to 


sampling losses. When the melt was prepared unde cely te 
| 


1 } 
mentical purci 


be most pre nounced 


) 
higher hvdrogen content 


controlled conditions!’ the scatter was extremely low LON ekling times an Og \ uy 
Specimens pickled for various times in | N and LON \ ( the scatter could -attributed to variations 


I 


sulphurie acid’ also showed appreciable scatter but ue hvdrogen content only after an ass ment ol 


TABLE II Scatter of hydrogen analysis results 
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PLASTIC DEFORMATION IN THE BEND TE 
When hvdrogen-charged specimet ss 


MOISTURE ADSORPTION 


eXVCE 

mercury coating 
suggests that the 
from passivating 
other specimens 
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TABLE V_ Effect of variations in washing and drying technique on hydrogen content 





hair 
ed on clott 





5-10 ml/LOO g, the mean content of other gas 5-62 ml! 
100 g. Very severe surface roughening seems capable 
of increasing contamination of the specimen suthciently 
to raise yields by 1-2 ml/100 g (compare ret.6). 
Darken and Smith’ also analysed the gas evolved at 
600 C in the adsorption experiments and found that 
they contained between 42 and 56°% hydrogen 
other that the gas 
consist predominantly of hydrogen. In our own ex 


+ 


investigators!*.*3 believe should 
periments, considerable quantities of gases other than 
hvdroge n have been detected, and in some cases this 
may be due to reaction with adsorption films. 


Evidently, there is a strong possibility that some 


inact and fluctuations of hydrogen contents 
obtained in this work were due to moisture adsorption 
but 


easily recognized, the 


uracies 


n the specimens, except mn instances 


which are 


isolated 
{ 
i 


amount oO hydrogen 
from this appreciable 
fraction of 


mens, for 


source 


Is not likely to be an 
the hydrogen evolved from pickled speci 
About half an hour is re 


reach the 


several reasons 


quired for the specimen to extraction 
and there should be ample opportunity 
the 


imen is hot 


temperature 


for adsorbed moisture to evaporate fron surface at 


hefore the Sper enough 
ween idsorpti mn films and the 


und 


low te 

imount of hydrogen othe 
‘ ad specimens 1 
SOME lated with adsorpti ! 
of Darken 


to pickling ma 


In the experiments 
roughening cue 
but in most steeis t he 


idsorption nyvarogen 
I : 


ised proportionately to the square root 

time and this points to absorption of 
rather th: 
face. The content 
rather high, like that f 


idsorption films,* was 


the teel wn adsorption of 


ot FANE other 


he sur 
which 1 und 
products of 
with the hydrogen content and to 


reaction 
to mcreast 
bear the same relation to pickling time. 
It can be concluded that moisture adsorption makes 
a small contribution to the scatter of analysis figures 
particularly at low hydrogen contents, but plays only 
& minor part in the evolution from 
pickled for long periods. 


ras 


specimens 


PREPARATION OF SPECIMENS 

Bastien*4 and Harvey*> have found, in experiments on 
the etfect of environment on the rate of recovery ot 
ductility (which is presumably related to the loss of 
hydrogen from the steel), that recovery is faster in 
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moist than in dry air, and faster in conductive wate 
listilled water. This observation suggeste 


i that 


en might be lost from specimens during 


than 
SOC hvdrog 


washing and drving. A few experiments to assess the 


proba ne Magynituct this loss and the possibility ot 


redu iy moimstut ind other contamination 


lool 
ot th suriace were 


It was est 


method of 


iblishe re-analysis that the normal 


followed by 


ishing 
successive imme! Is db aceto un th lid not 
Introduce 
evolved bi 
ents, differen 
tried; one spe n dries 
current ot hot ai ther the \ sh Was oml 


and the 


specimet 


or drying ina 
Phe It ijt 


ih) hvdrog nm ce 


erratic vVvariati 


‘nt unrelated to modified washing. 


EFFECT OF SULPHIDE INCLUSIONS 


As detailed examination of the experim 


| 
4 


not revealed the main source of 


T Val t \ 
tla Vsts SUILS DIN 


nay reason 


there is a genuine variation in the 


met 


absorbed Hy ili i sper 


under simila hi ng condition 


supported = by 


| ; 
though not proportionate! 
mitent \ ( 


\ nsideratL 
metimes 


that 


were s 


pickling experiments led to the 
Table VI. Although 


and other g 


en in 


lrogen uit mushy 


bend test 
d on specimens exhibiting normal gas absorp 
ion. This suggests that it is the saturation concentra 
at the surface, and not the diffusion of hydrogen 
1, which has been moditied. 
In an attempt to find the source of this variability, 
wire 


“I 
t 


re quite c t 


nt with those 


} + 
LiSIStt 


results a 


the acid in which eyanided specimens of screw 
had been pickled was kept until the gas analysis was 
completed. The acid from specimens yielding normal 
ry bottle, and the 
pickling solution that had been used for specimens of 
anomalously high gas yield was collected in another. 


as contents was transferred to one 


* Wakefield Industrial Lubricants, Dewatering Fluid 


No. 20. 


Dick. 
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TABLE Vi Abnormally high gas contents 





High values 








E OF SPECIMENS BEFORE ANALYSIS 


Wa }) 


thi 
representative the overall sulphur 
so that the variation should be no gre 


between different specimens from the 


Presumably, a histogram of the frequency o 
pl level r the particle size of | experiment 


occurrence of su veils Ol 
sulphur inclusions in different specimens or 1n surlaces was pickled 
; would show a normal distri 
bution, with a mean corresponding to the overall intended to ana! 


sulphur content. Thus there may be a small but It was obviously) 

definite incidence of unusually high sulphur contents. between pickling 

The gas contents of specimens exhibiting unusually longed storage a om temperature 

high gas absorptions show fluctuations considerably in but that specimen 
normal’ values be stored for as long as 3in a solid CO.-acetone 

bath without loss of hyd ? The sper ime ns were 


eX post d at different time ductility was 


appreci ible losse 


excess of the random scatter of the 
this suggests that the normal range is associated with 
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GAS EVOLUTION AT DIFFERENT TEMPERATURES 
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TABLE Vi! Gas evoiution at different temperatures 
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TABLE Vill Hydrogen evolution at temperatures above 700 C 











\ 1 








Johnson and Sewell 


and embrittlement’, 176-186; 1956, Lond 

and Hall 

McGraw, 
Mi 

RBER 

248 
and F. E 


302 


ind J. 


cracking yn, 

(hap 
D 
D 


Ki 


in 
et al NAC 
GRAW, et al.: thid 


and H. PLoum 


TN 
TN 3164, 
Witt. Kaiser 


2696 April, 1952 
March, 1954 


Wilh-Inst., 1932, 
1957 


. SHANAHAN: J. Appl. Chem., 


388 
NARD 1959, 
170 


DARKEN 


Rev. Meét., 56, 


TALBOT: 


16 
M 


and R. P. Smirna: Corrosion, 


1949, 5, 
R Hwupsos 
ARNEY 

$008 


SEABROOK, 


ul.: abid., 
l.: Trans 


L196 (), 


16, 
AIME, 


(3), 97 


188, ./ 


100 


ta Vetals 


, Feb 


et al.: ibid Metals, Nov. 1950, 


188, 


NEW 


278P 


JISI, 
287P 


and 2 
i 


ELI 1940, (1), 243P-253P; thed., 1943 


SACHS Ee 
36, 
BLAK} 
ANI 


MELBOURNE: Trans. Inst. Met. Finish 
152. 
Weld. J., 1 
JIST, 1) 
SCHUMANN and F. 
senhiit., 1953, 24, (7 
DD Brit. Weld. J 
D. J. Carney, et al.: Trans 


1950, 404-413 


1959, 


aa 


P. D 
J.H 
H. 


E 


958, 5, 
1950, “a, 382 
ERDMANN 
53 
1958, 5, (3), 126 


17M E, 188, J. 


565-567 


389 


REW, et al 
JESNITZER: Arch 
Ss) g 360. 

129 


Metals, 


BLAK}I 


Feb. 


Bearing properties of a 1%C-Cr steel 


Weld. J., 
1946, 154, 
Ar h 


19. P. D 
F. A. ZAPPFI 
F. ERDMANN 
5-365. 
Liquid Metals Handbook, 
1952, 124; D. J 
Pt 5, 297; and T. 
1952, 169, 324 
tahl Eisen, 
Wét., 1941, 


Brit. 
JIST, 
Jt 


BLAKE: 


SNITZER 


At 
June also 
68, $25B), 
ING Natur 
E. Piper, et al 

P. Bastien: Re 
38, (11), 272-284 
G. Harvey: unpublished work 
B.M Trans. AIME, 
180 

B. B. Bacn, ¢ J. 
JIST, 1954, 176, 257-263 

C. SYKEs, L.: JIST, 1947, 
J.D 158, 189, 315 
CR {ppl 
A. Dem Vet., 
E. W. 
10] 
J.D. Hopson and t. Ratt 
Restricted Rep 
G. DERGE, 
1948 


SHIELDS 
1S4 

, al 
efa 
Hopson: 1 
FRANK, et al.: J 
AREZ, et al.: Acta 
JOHNSO int L 
uo 


June 


SM/C/23 


1/7 ME, 


395 
1953, 


38, 


1957, 


ymic 
W RIGHT: 
HoaR 


Q 


73, S17 


4, (3), 
123P 
Ei 


senhiit., 


146 
L30P 


154 


28, 


1957, 


Energy Com: 


Proc 
and r 


Ph {8 


W. Fart 


828. 


Hor i 
ot me 


197, J 


Hii 


BCIRA 


156, |! 
32). 
Phys., 


1954 
1: 


deo 


Unpu 


blished we 


1954 


55-180 


SUS 
223 
3, (1 


1958, 29, S92 
2, (2), 214 
Vet., 1955, 


; 
fa 


(BISR 


Th 


Metals Tec 


The bearing properties of 1“C—Cr steel as 


influenced by steelmaking practice 
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INTRODUCTION 
BETTER STEEL 
the factors 
bearings 


of 
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being demanded as 
in improving the service 
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In this work a new form of fatigue test has been 
investigated which is designed to simulate the bearing 
test in simple form and to produce failures of the sam 
tvpe that occur in bearings. An outline of this equip 
ment was given by Bardgett® in the discussion on a 
paper by Frith.? A start has already been made on a 
comprehensive series of tests covering various modi 
steelmaking 
sented of tests on ten basic electric are casts, 


fications in practice. Results are pre 
two acid 
OH casts, one special OH cast described by Frith as 
‘neutral open-hearth’ steel, and three high-frequency 
vacuum-melted Conventional rotary 


fatigue tests have also been carried out on 


casts. bending 
these steels and these have led to the suggestion that 
under sper ific conditions of testing. a re lationship may 
exist between the of the 
basic electric ar tests 
are also reported and compared. It would be unrealis 
tic to draw any firm conclusions from the results of so 
few casts but the amount of interesting information 


two tests. In the case of five 


casts, bearing manufacturers 


obtained seems worth recording and appraising for 
the trends it indicates. 

In an attempt to explain the differences in fatigue 
lives between different steels obtained on the experl- 
mental fatigue rig, a detailed metallurgical examina- 
tion of the test specimens has been carried out. As the 
work has progressed attention has been concentrated 
on metallographic identification and assessment. of 
the neighbourhood of 
the failures. This work has produced fascinating specu 
lations warranting further study. If it is confirmed that 
the effects of different tvpes of int lusions on fatigue 
life vary according to the stress level. then the 
of overload tests becomes extreme I doubtful 
studies may well lead to the production of steels which 
will give improved and more consistent results in tests 
without bringing about 
in the 

The need for a new approach to the study of the 
bearing properties of ] , (—Cr steel receive ad prac tical 
recognition with the commissioning of the first labora- 
tory-tyvyp 


the non-metallic inclusions in 


value 
Such 


a comparable improvement 


lives of bearings in service 


fatigue rig 5 vears ago. The information it 


has yielded in the intervening vears in conjunction 
with the parallel information from 
tests has not vet led to a understanding of 


how and why steel fails under bearing ce 


more conventional 
POSsItive 
nditions. and 
has, if anything, emphasized the lack of kne 
However. 
and facilities for laboratory rig testing 
No direct influence or 
can vet be 


wiledge 


the challenge is stimulating 


creased several fold 


practice claimed although 


awareness of the problems in production 

be having some effect. It is certainly 
during the past couple of vears the bearing ma 
turers have consistently reported, 


various forms of examination of the 


well 

ifac- 

based on thei 
hundred 


of electric-are melted carbon—chromium steel that have 


of tons 
passed through their hands, that quality is improving 


Steelmaking 
Most of the 1°,C 


hasic electric are 


Cr ball-bearing steel is produced in 
uim of this 
ways of improving the quality 
of this steel. Of the ten casts of this quality teste d on 
the fatigue rig, nine were produced in the 


furnaces and the work 


has heen TO discover 


iuthors’ 
7 1 ] ! 
company and the steelmaking details are given 


Table I. 


! 
hil 
BEA z= 
BPs - 


Six were made in 80-ton furnaces 


most of 
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6. 7,8, and 9) and three in 124-ton furnace 


and 5 

The standard steelmaking procedure used as | 
to which modificati ns in technique have been applied 
comprises an 80°, scrap charge refined under the tw: 
slag system. In the oxidizing stage the aim is to catch 
the carbon on the way down and after removal « 
slag to the bath ferrosilicon 


second slag is formed by fluxing limestone 


deoxidize with 
with fluor 
Spar and then working it into the white falling con 
dition by the addition of crushed carbon. Fi 
is the main deoxidant working the 
This practice is represented by casts BEA] 
The 12}-ton furnaces were used t 
initial experimental steels 
BEA4 
in the charge was increased té 
boil 
help in reducing the sulphur content to a maximum 
of O-OL0 in the finished steel. The steelmaking prac 
tice for the third of the 12}-ton cast BEAS5) was 
essentially similar but specially selected scrap and a 


rrosiicon 
charge 
ind BEA2 
produce the 
BEA’) and 


were made in which the percentage cast Iron 


used in 


Two casts 


obtain a more vigorous 


carbon and a special low-sulphur iron used t 


special iron were used in the charge to ensure a low 
level of incidental elements 
The next stage was toe xplore the effect of final deox 
idation in the ladle with calcium silicide, on the 
standard practice, In the case of cast BEAG6, 5 |b/ton 
was used but delays were experienced in the working 
of this cast, first through a broken 
second through having to and remake the 
oxidizing slag in order to reduce the phosphorus to a 
| In casts BEATZ and BEAS 33 |b/ton 
yer 


satisfactory level 
of cal ium silicide were used after a norma! working 


basi 


electrode and 


remove 


ot the charge apart from the use of less ferrosilicon 
during the final stages 

The last of the nine 
first attempt to modify the practice 
during the working of the charge. The object was to 
gaseous deoxidation of the bath the 
g the 
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repre 
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same time so 
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1 Battery of test rig 


with two acid OH casts, one of English manufacture 
(AOH (E1)) and one of Swedish manufacture (AOH 
(S1)), and a ‘neutral OH’ cast of English manufacture 
(NOH1). These various modifications in steelmaking 
practice are summarized in Table I. 

For the rotary bending fatigue tests samples from 


all these steels were used with the exception of the 
three 12}-ton casts and one vacuum-melted cast 


(HF V3). In addition tests were made on an 80-ton 
electric arc cast made to a specification calling for 
higher manganese and silicon content with a lower 
chromium (BEA11), two further acid OH casts, one 
English (AOH (E2)). and one Swedish (AOH (S2) 
and one cast of basic OH quality (BOH1). 

searing manufacturers’ tests were confined to basic 
electric arc casts and results cover BEA2, BEAG6 
BEA7, BEAS, and BEA10. In addition a bearing test 
was conducted on another 80-ton basic electric ar 
east (BEA12) which was made according to the stan 
dard procedure, but in this case no rig or rotary bend 
ing tests were done. 


Chemical analysis 

Details of the chemical analyses of all casts used in the 
investigation and the type of tests done on each cast 
are given in Table I. With the exception of cast 
BEAIIL no cast varies significantly from the general 
range 0-95-1-05°,C, 0°30 0-60°,Mn, 1-30-1-60° Cr. 


Forging and rolling 
The material used for the different tests was 
(i) Rig test 3} in. dia. bar 
(ii) Rotary bending fatique test ? in. dia. bar 
(iii) Bearing tests either 
(i) 4-034 in. o.d. x 3-084 in. i.d. 
5 in. dia. bar 
(ii) 3-092-3-062 in. o0.d. « 1-926—1-772 in. i.d. rolled 
from 4 in. dia. bar (outer race) 


tube rolled from 


Bearing properties of a 1%C-Cr steel 417 





(iii) 2-217—2-187 in. o.d 


from 3 in. dia. bar 


1-501—1-309 in. i.d. rolled 
inner race). 

Production details e.g. 
where available, are 


ingot size and rolled size, 
given in Table 1. These rolled 
sizes were converted into the test piece sizes as follows 
(i) for rig test, by hammer forging 
(ii) for rotary bending test, by hammer forging to 


2 in. square and then rolling to ? in. dia 


(iii) for bearing test, by standard tube production, 


Heat treatment 


In all cases a standard heat treatment was adopted 
the details of which are as follows 
i) material softened by being heated in furnace to 
790 C and soaked 4 h. Cooled at 4°¢ 
790° to 740°C and at 1 
room temperature 
hardened 850 C 


min trom 


min from 740°C to 


1 h soak) oil-quenched 
specimen allowed to stand for 2 d LVS 

soaked } h at 
specimen allowed to stand 


tempered LSO-250 ¢ Lh 


78°C 


i further Z days 


} 
ae 


air coolet 


The hardness of the material after treatment ranged 
from 700 to SOO DPN 


Fatigue test rig 


The aim in the development of a suitable test rig was 


to have a machine as simple consistent 
with providing a simulated bearing test. In addition 


the test specimen employed should be of a form which 


as possible 


could be readily machined, using standard machine 
tools. The design of the first rig to be completed was 
based on the suggestions of two of the leading bearing 
manufacturers in the UK. As a result 
with the prototype certain 
were carried out, aimed primarily at 


ot experience 
modifications 
reducing the 


machine 
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2a = Test assembly 


amount of inherent vibration, and effecting improve- 
ments in the arrangement of the test bearing assembly 
to facilitate setting up, inspection and removal. 


A general view of a battery of test rigs of the type 
at present being employed is shown in Fig.1, and a 
close-up of one of these machines is shown in Fig.2a. A 
sectional view of test bearing and housing is shown in 
Fig.2b. The machine consists essentially of a vertical 
spindle carried in a U-shaped bracket, the spindle 
being journalled on two roller bearings which take the 
load from a belt drive. The test (thrust) bearing is 
located at the upper end of the spindle and is mounted 
in a loose sliding housing which can readily be re- 
moved without disturbing the remaining bearings on 
the spindle. The test bearing is isolated from the adja- 
cent roller bearing by means of a baffle, which pre- 
vents any debris from failed test races reaching the 
roller bearing. 

Load is applied to the test bearing through a lever 
system, the reaction being taken by a thrust bearing 
located at the lower end of the spindle. To ensure that 
the load is applied centrally to the test bearing, it is 
transmitted through a ball sunk into a centre hole in 
the test bearing housing. 

Adequate lubrication is provided by means of an 
oil drip feed, which maintains a flow of light machine 
oil during the course of the test. 
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> Btu 


eS 


aballs 6 test bearing c standard thrust race 


2b Sectional view of test bearing and housing 


Test bearing 


It is known that in standard bearings it is difficult to 
manufacture within the close tolerances necessary for 
the relatively thin hardened rings which are used and 
that the life of an individual bearing depends to some 
extent on the tolerance limits which are imposed. It was 
decided that these difficulties could be overcome and 
the requirements of a simple readily produced speci- 
men met by adopting the form of a flat ring. Such a 
specimen also has the advantage that a smaller con- 
tact area is involved compared with a standard 
grooved race, and this has the effect of reducing the 
load that must be applied to obtain a given level of 
stress. Failure is thus confined to the test specimen 
and also the life of other bearings used in the construc- 
tion of the rig is considerably increased. 

The test ring measures 23} in. 0.d. x 24 in. i.d. > 
3z in. thick, and forms the top race of a standard 


3 Test bearing 
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thrust bearing The three component parts of the test 
assembly are Kig.3. The use of a thrust 
bearing rather than the radial type normally used in 


shown in 


commercial rig tests would be expected to reduce the 
scatter between individual tests owing to the greater 
surface area exposed to the load. The cage of the 
standard bearing is operated with 9 balls in place of 
the normal IS means by which the total 
level 


Each side of the test specimen is used for a 


as another 
load required for a stress 
duced 


lite test 


given could be re 


Preparation of test specimens 

The specimens are rough-machined before heat treat 
ment leaving a grinding allowance of O0-OL in. on the 
o.d. and 0-O1 in. per face on the thickness. After heat 
treatment the faces of the specimen are lightly rubbed 
on emery paper to remove scale. The specimen is then 
fitted on a mandrel and the outside diameter ground 
on a cylindrical grinder to the finished dimensions 
The actual test ground using a magnetic 
chuck and taking special precautions to ensure that 
the faces are absolutely flat. The grinder ~pindle speed 
used is 60 rev/min. The wheel is lightly dressed when 
0-003 in. of material remain to be removed. Using this 
method a finish of 5 yz in. is produced. 


faces are 


Test procedure 
Before the test begins the housing containing the test 
hearing is filled with light machine oil, filtered before 
use to remove any abrasive particles, A drip feed main 
tains a constant flow of oil during the course of the 
test 

Following a preliminary test series carried out at 
varving loads in order to establish the relationship 
hetween load and life, the test conditions were stan 
life of the order of LOO 
200 h as recommended by the bearing manufacturers. 


dardized to give an average 


An operating speed of 1500 bearing rev/min is used 
and the total thrust load applied is 750 Ib. Under 
these conditions, the values of maximum compressive 
stress and maximum shear stress calculated on the 
basis of the Hertzian theory are 563000 and 181600 Ib 
in? respectively. These figures will tend to be higher 
than those which apply in practice, however, as no 


account has been taken in the calculations of the 


plastic deformation which occurs at the points of 
contact 


The tests have been continued until failure occurs, 
vr until 50 108 bearing revolutions have been com 
pleted, whichever occurs first. It was not considered 
necessary to continue the tests after the completion 
of 50 « 108 revolutions, which corresponds to a life of 
about 550 h, as in bearing tests the main interest lies 
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in determining the lo ife performance. It is most 


able to detect 
occurs and for this purpose 


has been ar signed The opera 


Important that the paratus should be 
wny tailure as soon as 
eut-out 
tion of this cut-out depends on the marked change in 
the noise output oft the 
The 


mounted on diametrically oppo- 


an automatsr 


machine which accompanies 
the onset of failure vibration signal derived from 
two accelerometers 
site sides of the test bearing housing is made to operate 
a relay which controls the main power supply to the 
machine. An included which en- 


record to be obtained of the dura- 


hour meter is also 
ables an accurate 
tion of each test. 


Rig test results 

The preliminary series of tests carried out at different 
load levels to establish the order of life values asso- 
ciated with also used to cheek 
whether the results agreed with the well known life 


various loads, was 


6a A ppe arance of typical failure 8 
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formula* for bearings. There was also considerable tests were carried out at each load and no attempt 
interest in the form of the failure obtained was made to establish a mean life at each load level 

The results of these tests are given in Fig.4. It will Figure 5 shows, however, that when the results are 
be appreciated that only two, or at the most three considered in terms of the life formula, a reasonable 
pines ree era approximation to a linear relationship is obtained and 


“Lx PY wheceO =apeciiie capacity is eee concluded that this simulated form of bearing 
capacity for life of L0® rev test Is capable of giving life value which show a 
P — bearing load similar relationship to load as that given by conven 


Lyx — life under bearing load P, rev Lu tional bearing tests The failures obtained were also 
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similar to those which occur in commercial tests and 
consisted of a small pit showing fatigue characteristics. 
\ typical failure is shown in Fig.6a together with a 
failure in a standard production race. Figure 6b shows 
the same failures at a magnification of » 20. All sub- 
sequent tests were carried out under the standardized 
conditions of load (750 Ib). 

In bearing manufacturers’ tests the degree of scatter 
hetween the life values of individual bearings, gene- 
rally makes it necessary to do 30 tests to provide a 
statistical basis for the assessment of the properties. 
Guidance from bearing manufacturers was sought in 
order that the results of rig tests could be presented 
in a@ manner which would allow a direct comparison 
to be made with production test data. Consequently, 
the data given in this paper have been based on about 
30 tests on each cast, except in the case of casts 
BEAS, 4, and 5, where, owing to the small quantity of 
material available for experimental purposes it was 
only possible to carry out 18, 18, and 12 tests respec- 
tively. The actual number of tests carried out on each 
cast is given in Table Il. Life has been measured in 
terms of the number of revolutions of the bearing and 
ull the results for a cast are presented in the form of 
life dispersion curves. A typical curve of this type 
with the actual life values obtained is shown in Fig.7. 
The curves have been used to derive the Ly», Log and 
L.. values which reference to Fig 7 will show are the 
lives that will be reached or exceeded by a given 
proportion of all the bearings tested. It is values such 
as these from bearing tests that are normally used for 
bearing design purposes. Another very important 
property, particularly in bearings intended for high- 
duty applications, is the minimum life obtained on 
each cast and this has also been recorded together 
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8a _ Basic electric arc. Experimental low-sulphur casts 


with the average life. In calculating the latter, it has 
been necessary to give a finite life to the bearings 
which have remained unfailed after completing 50 > 
10° revolutions, and a life of 50 « 10° bearing revolu- 
tions has been arbitrarily chosen for this purpose. 

The life curves obtained for the various casts tested 
are shown in Figs.8a-e and the results are summarized 
in Table II. 

It will be seen that considerable differences in pro- 
perties have been obtained not only between steels 
made by different steelmaking methods, but also 
between individual steels made by any one method. 
There are also differences in the manner in which the 
lives given by individual bearings are distributed, with 


‘the result that a good average performance is not 


necessarily associated with a good low-life perfor- 
mance. In comparing the order of merit of the various 
steels, a different grading is thus obtained depending 
on the method of assessment. From the point of view 
of bearing performance, however, the low-life proper- 
ties are the most important criterion, and the elimi- 
nation of low-life members is the prime object of the 
steelmaking trials at present being carried out. 
Owing to the amount of scatter obtained, many 
more tests are required before any final conclusions 
can be drawn. The data so far obtained do however 
indicate that some general features may be associated 
with each steelmaking method. In assessing the 
results, it is convenient to use the data obtained on 
CaSi-deoxidized basic electric-arc quality steels as a 
basis of comparison. More tests have been completed 
on this quality than on casts made by any other steel- 
making method, and consequently there is more con- 
fidence in the range of properties produced. The effect 
of different steelmaking methods on the form of the 
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9a Effect of CaSi-deoxidation « 


é fing 
arc steels 


life curve in relation to the seatter band for CaSi 
deoxidized basic electric are steels is shown in Figs. 
Ya-c. As already stated the main interest is in the 
Lj, and L,, values, and the range of these values 
given by each steelmaking method is summarized in 
Table If and also shown diagrammatically in Fig.10. 

It will be seen that the best low-lite performance is 
given by Swedish acid OH and CaSi-deoxidized basic 
electric arc casts. All the other qualities show lowe1 
Linn values and, with the exe eption of the special low- 
sulphur basic electric are casts which are much in- 
ferior, give very similar performances. When the 
average life is considered, however, the Swedish acid 
OH and CaSi-deoxidized basic electric are casts show 
no advantage compared with other air-melted quali- 
ties; in fact, all the air-melted qualities, with the ex- 
ception of the ‘neutral OH’ cast and the low-sulphur 
basic electric are casts, produce a very similar result. 
The neutral OH cast is slightly inferior and the 
special low-sulphur basic electric are casts are very 
much inferior to other air-melted qualities, whilst the 
vacuum-melted casts give the best performance of all 
the steels tested. 

The performance of the vacuum-melted casts pro- 
vides one of the most interesting features of the results 
obtained. These steels show considerably greater 
spread between the lives of individual bearings than 
do air-melted quality steels. As an example of the 
amount of scatter obtained, in cast HF V2, over 40" 
of the 26 bearings tested gave a life of greater than 
50108 bearing revolutions, whereas 33°, of the 
bearings failed at a life of less than 10 « 106 revolutions. 
The important feature is that, although the average 

9b Comparison of BEA (CaS gaseous deoxidized) with life is high, the low-life performance is comparatively 


} 


open-hearth quality steels poor. Figure 9¢ shows that the low-life performance 


Journal of The Iron and Steel Institute December 1960 





Johnson and Sewell Bearing properties of a 1%C-Cr steel 425 











may be inferior to both basic electric arc, CaSi-deoxi 
dized quality, and also Swedish acid OH quality 
There is some indication, however, on the basis of 
tests at present being carried out, that the same rela 
tionship may not be true under lower stress conditions 

Another interesting feature of the results concerns 
the effect of CaSi-deoxidation which the bearing 
industry thinks improves service performance of 
bearings. This treatment shows no effect on average 
life, but produces a significant improvement in low 
life performance, as depicted in Fig.9a. It is particu 
larly encouraging that the same features are shown 
by the rig test and in service performance. 

With regard to the other air-melted qualities, it will 
be seen from Fig.9b that the life curves obtained for 
both English and Swedish acid OH qualities lie within 
the scatter band given by the basic electric are CaSi 
deoxidized casts. The average lives of these two steels 
are very similar, but the Swedish steel shows the 
better low-life performance and has an L,, value which 
approaches that of the best basic electric arc material. 
The neutral OH cast is disappointing, the results being 
poor both as regards average life and low-life perfor 
mance. In comparing the properties of OH and basic 
electric are steels it must be remembered that only 
single casts of each of these types have been tested, so 
that the life curves obtained could represent the bottom 
of the scatter bands for each steel. If this is the case 
the differences that have been suggested between their 
properties and basic electric arc material may be 
somewhat exaggerated. The results obtained on the 
first experimental cast on which it was sought to 
improve the quality by modifying the deoxidation 
practice are shown in Fig.9b. Although the average 
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Basic electric arc. Standard practice 


life has been increased by this modification there has 
been little effect on low-life performance. The result 
is regarded as being encouraging and it is hoped that 
the more successful application of this technique which 
has achieved will all-round 
improvement. 


since been lead to an 


Bearing manufacturers’ tests 


Through the co-operation of two bearing manufac- 
turers, actual bearing tests have been completed on 
five of the basic electric are casts on which laboratory 
rig tests are available (BEA2, BEA6, BEA7, BEAS 
and BEAI0). In addition, bearing tests only are 
available on a cast BEAIL2 in which the steelmaking 
procedure was to the standard pattern. The results of 
bearing tests are given in Table I]. Since each bear- 
ing manufacturer tests under his own conditions, no 
attempt has been made to draw comparisons between 
the results of the two casts tested at one works with 
the four tested at the other. Further, 
rigs are loaded radially, and the laboratory rig oper- 
ates under thrust load, from the onset it was not ex- 
pected that the level of life values would be directly 

The real interest whether the 
rig tests graded the steels in a similar 
manner to the bearing tests and could, therefore, be 
accepted without question for routine assessment of 
steel quality. The comparison is given in Figs.]1a and 6 
where the hoped for correlation is shown only in the 
case of one cast BEALO which both methods graded 
as the best steel tested. The other casts are not given 
the same order of merit by both tests, the bearing test 


because their 


comparable Was 1n 


laboratory 


lectrie are. CaSi-deoridized 
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12c Basic electric arc. High manganese 


being consistent in attributing superior properties to 
the casts deoxidized with calcium silicide. 

Although the evidence supports the view that the 
merit rating of steel is influenced by the level of stress 
applied in the test, these results might have dis- 
couraged further work had it not been for a report 
received privately from one of the bearing manu- 
facturers who had been running tests in a similar 
laboratory rig on the end faces of bearing rings that 
had already been tested as bearings. Under these cir- 
cumstances they claim to have obtained a good corre- 
lation between the two types of test. A possible infe- 
rence is that life measured in this manner is particu- 
larly sensitive to any heterogeneity in the steel and 
that the lack of correlation in the present work is the 
outcome of the random sampling for each test. In the 
case of cast BEA 10 both sets of samples were, as far 
from the same bar, while 
metallographic work on the samples used for each 
type of test in the cases of casts BEA2 and BEAT 
confirmed the presence of some heterogeneity. 

To explore this theory a further series of tests has 
been started with the bearing manufacturers. In one 
case two ingots have been poured uphill on the same 
plate, and one used for the production of the labora- 
tory rig samples and the other for the production of 
the tubes for the bearing tests. Here it is also intended 
to test in the laboratory rig samples cut from the tubes 
used to make the the 
laboratory rig will be adapted to sest the end face of 
bearings whose life curve has already hee ia 


as can be ascertained, 


1 
bearings. In the other case 


ssessed. 


Rotary bending tests 

Standard fatigue tests were earned 
uniform bending moment using ground 
and polished 0-300-in. dia. specimens. The material 
used was in the same heat-treated condition as that 
employed for rig tests and the average hardness value 


out under rotary 


conditions, 


electric arc. Gaseous deoxidation ( first trial) 
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12e Open-hearth casts 


obtained on the specimens after heat-treatment was 
800 DPN. A minimum number of eighteen tests was 
carried out on each cast to establish with reasonable 
accuracy the limiting fatigue stress and also the form 
of the S—N curve at higher stresses. Six basic electric 
arc casts, three high-frequency vacuum-melted casts, 
four acid OH casts, one basic OH and one neutral OH 
cast were tested as shown in Table I. In the cases of 
casts AOQH(E1) and AOH(S2), however, the scatter in 
results was such that the S—N curves obtained can only 
be regarded as approximate. Tests were not continued 
beyond 20 x 10® cycles as the main interest lay in the 
higher stress portion of the curve. The S—N curves are 
shown in Figs.l2a-f and a summary of the results is 
given in Table II. 

There is a generally held opinion, both in the UK 
and the USA, that no correlation exists between con 
ventional rotating beam fatigue test data and bearing 
performance. Recent US work* however, has suggested 
that there may be a broad relationship between 
median life (50°, failures) determined in bearing tests 
and the limiting fatigue under 
rotary bending conditions 

The possibility of such a correlation might be argued 
from the data of this investigation, but what does seem 
clear is that it cannot be applied generally owing to 
the apparent dependence upon the leading conditions 
used in the bearing test. Comparison of the average 
rig life with the corresponding LFS values (Table L1) 
show quite definitely that these 
there is no general correlation. 

In rotary bending tests the various steels differ in 
limiting fatigue stress values and interesting 
differences in the slopes of the S-N curves at higher 
stress levels. 

Considering first the limiting fatigue stress values, 
it will be seen that the steels fall into two distinct 
groups, namely air-melted steels which range from 
3948-5 tons/in? and vacuum-melted with a 
much higher range of 56-61 tons/in®. In the air-melted 
steels the steelmaking procedure showed no marked 
effect upon the level of the values obtained. The full 
range is represented by the standard and CaSi- 
deoxidized basic electric arc steels, no benefit 
noted from the CaSi addition. The higher manganese 
steel and also the special cast with modified deoxida- 
tion give limiting fatigue stress values within the same 
seatter band. The OH steels on the other hand, show 
considerably less scatter in limiting fatigue stress 
values although the fewer number of casts tested is 


stress determined 


unde1 conditions 


show 


steels 


be ing 
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likely to bea contributory factor. This band extends 
from 44-0 to 48-25 tons/in® which lies at the top of 
the basic electric are band. 

The differences of slopes in the higher stress sec- 
tions of the various S-N curves is represented quan- 
titatively in Table Il by the decrease in stress re- 
quired to increase the endurance from 10® to 107 
cycles. The slopes appear to be independent of the 
limiting fatigue stress values and the differences are 
most marked between the air-melted qualities and the 
vacuum-melted steels, the feature of the latter being 
their flatness. Thus a steel which gives a relatively 
high limiting fatigue stress may have a lower endur- 
ance life at higher stresses than a steel giving a much 
lower limiting fatigue stress value. This is well illus 
trated by the vacuum-melted cast HFV1 whose per- 
formance at stresses in excess of about 60 tons/in® is 
inferior to most of the air-melted qualities 

When the endurance values for the different steels 
are studied in conjunction with the perfor- 
mance under bearing rig conditions it appears that 
with one or two exceptions the steels are placed in the 
same order of merit by both tests when the rotary 
5S tons/in®. Table II gives 
the endurance values at this stress: in Fig.13 these are 
plotted against the corresponding values of average 
rig life. Such the 
equation 

Average rig life « 10° at 750-lb load 

(Endurance life x 10° at 58 tons/in®.) 

The results on casts BEAS and BEA9 which do not 
fit this relationship are omitted from Fig.13: it is note- 
worthy that some deviation exists in the cases of casts 
BEA2 and NOHI. Only two of these 
BEAS and BEA2, have been tested as actual bearings 
and they were among those results failed to 


average 


bending fatigue stress is 


a relationship is represented by 


10-9--10 log 


10 


four casts, 


whose 


3 / 


13 Re lationship between rig and rotary be nding tests 
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14a Ty} ical failures in riq specimens showing sub-surface 


cracks 200 


support the existence of a reliable relationship be- 
tween the bearing test and the laboratory rig test 
Consequently the possibility that steel heterogeneity 
might be colouring the results is also being investi- 
gated in this case through metallographic examina- 
tions of the rotary bending specimens at the origin of 
failure. 

The correlation that has been suggested is obviously 
peculiar to the particular rig test conditions applying 


Journal of The Iron and Steel Institute December 1960 


Bearing properties of a 1%C-Cr steel 


14¢ Typical failures in e crack- 


ing helow surface 200 


rig specimens showing extensii 


in this investigation. It is interesting to speculate, 


however, on the outcome of a similar relationship 
under other conditions of test 
valid that whatever the level of stress in the bearing 
test there is a corresponding rotary bending stress at 


If the assumption is 


which the average endurance will be related to the 
average bearing life, then this life can be estimated 
from the results of rotary bending tests at this stress. 


The time of testing could, thereby, be reduced con- 


14d Typical fai ures in 


mens showing sulphide 


rig spect- 
inclu- 


sions close to failure 750 
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and if at the time the results of thirts 
rotary bending tests at the specific stress produced a 
life distribution curve 
tests, 
formance. 


siderably same 
hearing 
of low-life pet 
However, even if ultimately this is all 
shown to be true, it will be necessary to establish that, 
as the result of the difference in the form of the tests 
there is no difference in the degree of scatter between 
one test and the other 

To establish the validity of such a relationship is a 
long-term project, particularly as it involves carrying 
out bearing rig tests at lower stresses than are 


corresponding to the 


then an estimate could be made 


pro 


duced by the 750-lIb load normally used. So far only 


a few preliminary tests at a load of 500 Ib have been 
completed on casts BEA6 and HFV1, and although 
it is obviously too early to draw any definite conclu- 
sion, the indications are that the relative performance 
of the vacuum-melted steel is considerably improved, 
in agreement with what would be expected from the 
rotary bending performance The establishment. of 
this concept would render questionable the value of 
the commonly used overload bearing tests as a mea- 
sure of service performance. 


Examination of failures 


A detailed examination was carried out on a number 


14% ‘White areas’ associated with cracks 
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Kig.14 shows 


Figure l4a shows a 


of failures the main features observed 


section taken at right 
the track through the centre of a tyvpu il failure 
actual depth of the failure is about 
cracks were observed to a depth of 0-004 in 
the surface of the original 
are often 


anules to 
The 
0-003 in. and 
below 
specimen. Surface cracks 
seen at the edges of the main 
Fig. 14h. It that the cde 
of failure leads to extensive 
surtace of the 
big. |4e 


in the neighbourhood of the failure 


failure, as 


shown in seems vel pment 
the 


is illustrated in 


cracking below 
and this 


Was a large 


initial failure 
In only one case inclusion found 
which in this case 
happened to be a sulphide situated as shown in Fig. 14d 
towards the edge of the located 
near to the failure could lost 
in the debris.) 


Inclusions 


hecome detached 


failure 


and 


In the etched condition two of the specimens ex 


amined showed ‘white’ areas below the surface which 


~~ 


14h 


1 ppearance of early failure 100 
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appeared to be associated with sub-surface cracking. 
It is thought that these are martensite areas which 
have been produced by an intensive heating effect due 
to dislocation movement in the vicinity of the cracks. 
A typical white area is shown in Fig.l4e and this 
appears at the edge of a failure in a position similar 
to that illustrated in Fig.14b. Similar areas were also 


found to be associated with the failure shown in 


Fig.14c and one of these is shown in Fig.14f. 
In a further effort to obtain evidence of the origin 
and cause of breakdown a failure was examined in the 
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very early stages of development. It will be appre- 
ciated how difficult it is to pick up a failure at this 
stage as normally it does not become apparent until 
the actual pit has been produced, and by that time, 
if there were any associated inclusions, they would 
probably have been lost. However, by means of ex- 
tremely careful examination of a number of tracks 
which showed initial evidence of damage, the required 
failure was found. The appearance of this failure is 
shown (Fig.14g) at a magnification of x 4 and (Fig.14h) 
at a magnification of «100. The direction of move- 


141 Progress of cracking 
through track x 100 


14j Progress of cracking 
through track x 100 


14k Progress of cracking 


through track x 100 


141 Progress of cracking 
through track x 100 
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14m_~ = Progress of 
cracking through 


track x 100 


14n = Progress of 
cracking through 


track < 100 


ment of the balls is from left to right on the section 
of track shown and it is evident that a certain amount 
of battering has taken place to the right of the right- 
hand crack. The damage surrounding this crack sug 
gests that it was formed first and that the crack to 
the left, where there is little or no evidence of damage 
in the surrounding material, was formed later, prob- 
ably just before the test was discontinued. 

The specimen was sectioned in a direction parallel 
to the track, and by extremely careful removal of 
successive layers of material by polishing it was pos- 
sible to examine the failure from one side of the track 


to the other. Figures 147 to n show the appearance of 


the failure at each stage. It will be seen (Fig.147) that 
at the front edge of the track the failure consists of a 
comparatively deep crack running almost vertically 
to the surface and extending to a depth of about 
0-006 in., and at the opposite end of the ultimate 
failure, a shorter sub-surface crack running at an 
angle to the surface. As the centre of the track is 
approached the inclined crack gradually extends 
towards the second crack (Fig.14j) and ultimately to 
the surface (Fig.14k). The appearance of the failure 
at the centre of the track is shown in Fig.14m where 
the two main cracks have joined to form a continuous 
crack resulting in the separation of a portion of the 
material at this position. Still further through the 
track the cracking is less severe (Fig.14n), and even 
tually would be expected to be of a similar nature to 
that shown in Fig.147. 

The examination of this failure provides no definite 
indication of the position where the failure was 
initiated. From the general nature of the cracks 
observed, however, and the changes in the form of the 
cracking from one side of the track to the other, it is 
possible to suggest that the crack that is inclined to 
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the surface was the first to form and that its start was 
below the surface. With the passage of the balls the 
portion of material immediately over this crack has 
been depressed (as evidenced by the battering of the 
track which occurs, Fig.14h) and adjacent material 


subjected to considerable stress. This eventually leads 
to complete failure with a portion of material being 
removed. 


The examination to find inclusions which may have 
been associated with the failure was very thorough 
The appearance at a magnification of 500 of the 
two main cracks observed in the section taken 
through the edge of the track (Fig.14)), is shown in 
Figs.140 and p. There are a small number of inclusions 
present in the material immediately surrounding the 
crack that is inclined to the surface but none of these 
appear to have contributed in any way to the failure 

The etched structure of the material surrounding the 
crack occurring below the approximate centre of the 
track is shown in Figs.14q and r, and once again, no 
structural feature can be observed which is obviously 
associated with the failure 


Metallurgical examination 

A comprehensive metallurgical examination was 
carried out in an attempt to explain the differences in 
performance between the various steels and also to 
establish the reason for scatter between individual 
test results on any single steel. There have been two 
stages to this work which up to the present, has con- 
centrated on the laboratory rig test specime ns. In the 
initial work a selected number of failures was exam 
ined to assess the influence of residual elements, gas 
content, hardness, nature of the 
track formed, metallurgical structure, and in a pre- 
liminary way, inclusions. In the second stage further 


surface condition 
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140 Progress of crac king through track x 5OO 


work was carried out on inclusions which involved 


detailed counts on the material immediately adjacent 
to the failures. 
The results of the first series of tests are given in 


Tables IIL and LV and the main features of these 
results are summarized below. 
Chemical analysis It has already been seen with re- 
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gard to the main elements that all the steels examined 
had very similar analyses, with the exception of the 
special low-sulphur casts BEA3, BEA4 and BEA5, 
and the vacuum-melted casts, all of which had low 
sulphur and phosphorus contents. Table III shows 
that there were no significant differences in trace 
elements or gas content except in the case of the 
vacuum-melted cast which, as expected, had a low 
gas content. The results give no indication that the 
variation in performance can be explained in terms of 
chemical analysis. 

Surface condition (laboratory rig tests) The quality of 
the surface finish of a number of specimens was mea 
sured using Talysurf equipment, and in some cases 
autographie records of the track that formed during 
the test were obtained, from which it was possible to 
measure the approximate depth and width of the 
track. The surface finish is defined in terms of centre- 
line (CLA) and on this the surface 
finish is similar for all the specimens examined with 
the exception of HFVI and BEA6, which 
showed a somewhat better finish. This improvement 
coincided with a change in the method of grinding the 
specimens and this improved method has since been 
adopted as standard practice. It is not possible to 


average basis 


casts 


assess the effect of surface finish on test performance, 
but it seems that so far as individual specimens within 
any one series are concerned, the scatter in result 
cannot be related to any variation in surface finish. 
The track measurements are 
interesting in that, in general, the width (which can 
be determined considerably more accurately than the 
depth) is similar for each of the specimens tested, and 
agrees extremely well with the value of 17 « 10-3 in., 
which is the width calculated from consideration of 
the loading conditions and contact area. The fact that 
all the tracks formed are of similar dimensions shows 
that, on application of the load, plastic deformation 
occurs very rapidly, with the balls forming their own 
track until the effective load is reduced to the point 
where no further plastic deformation takes place. It 
has been demonstrated elsewhere® that all the plastic 
deformation generally takes place during the first 100 
revolutions of the test, after which a state of equili 
brium is attained. 

Hardness The general hardness level of the various 
steels varies between 700 and 800 DPN, but there is 


Track measurements 


14p Progress of cracking 
through track < 500 
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no apparent relationship between the hardness and 
the average life obtained for each cast. The individual 
specimens examined from each cast all show very 
similar hardness values and the difference in life given 
by one specimen and another cannot, therefore, be 
explained in terms of a hardness difference. The track 


hardness values reported are very approximate owing 
to difficulty in testing at this position but the results 
indicate that the increase 
action is very similar in each case and of the order of 
20-30 hardness points. 


in hardness due to rolling 


Metallographic examination 


The general structure of 
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14q = Progress of 
cracking 
thr ough 
track 


200 


all the steels was very similar and consisted of sphe- 
roidized carbide in a lightly tempered martensite 
matrix. There was little evidence of carbide segrega- 
tion and no between this and the life 
values obtained. Typical structures are shown in 
Figs.15a and 6. 

Assessment of inclusion content Initially a standard 
count at a magnification of 100 was carried out on 
a number of the steels but this failed to give any 
correlation with life. It therefore, decided to 
carry out a detailed survey taking into account sizes 
and types of inclusion. This was done by examining 


correlation 


was, 


Progre ss of crac king 


through track 750 
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Track measurements 


Surface 


{ 195 


0-0048 
00-0042 
00-0042 
00-0035 


0-0021 
i 


O-oOl 
O-OL30-0019 


0-013 0-0019 


0-0130-001 


Sn 


15 Typical structure 


172 randomly selected fields at a magnification of 

750. representing a total specimen area of just 
greater than 3 mm?®. Sulphide, alumina, silicate, and 
inclusions of the titanium nitride group were identified, 


Chemical analysis, ‘ 
u 


Bearing 
rev 
108 


life, 


and each type was classified into five size ranges de 
pending on the width at 750. The ranges selected 
were 0-13 mm (Class O); 1}-3 mm (Class 1); 3-6 mm 
(Class 2); 6-9 mm (Class 3): and greater than 9 mm 


identity 


mark 


Bearing 


(Class 4). Figure 16 shows the appearance of typical 
inclusions at this magnification. 
In an attempt to obtain a representative count on 


Lev: 
for 


each steel three separate counts were made on each 
material, the specimens being re-polished between 
each run. Runs | and 2 were carried out by observer A 
and run 3 by observer B. In some cases, particularly 
in the identification of the alumina inclusions, there 
was a wide divergence between the results obtained 
by the two observers and also, in fact, between the 
two runs made by observer 4. This, however, is to be 
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wimen did not fail 


expected in view of the extremely small inclusions 
that have been identified. In considering the relation 
ship between inclusion count and rig test data the 
total of the three runs has been used and this repre 
sents the total number of inclusions of each type and 
size contained in a specimen area of just greater than 
9 mm?*. 


F indicates spe 








wedish acid open-hearth 


TABLE Ili (continued) 
English acid open-hearth 
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TOTAL SULPHIDES 


mn enn an EHH 
200 300 400 500 


TOTAL ALUMINAS SILICATES 


‘tal inclusions observed 750) in 516 fields 


trea of 2+ 9 mm? 
17 Relationship between average life and inclusion content 

Analysis of the data obtained showed that, in 

general, poor rig performance is associated with a 
large number of alumina and silicate inclusions. Plot 
ting the total number of inclusions of all sizes of these 
types against the average rig life, as in Fig.17a, indi- 
cated that correlation existed. On the other hand, 
at first sight it seemed that the greater the total num- 
ber of sulphide inclusions the better the average rig 
life (Fig.17b). However, though it is not possible to 
separate positively the effects of these two types of 
inclusions, this apparent sulphide effect may only be 
i reflection of the fact that in the particular steels 
examined a high sulphide content is always associated 
with a low alumina and silicate content. 
Radiographi examination for segregation and inclusions 
\ number of samples cut from tested bearings were 
examined by determine the 
form of C1 MnS and non- 
metallic The method of preparation of 
these specimens was similar to that 
Johnson and Andrews.'!® The samples comprised six 
steels and 
medium, and high rig test life were selected from each 
steel 20 of typical radiographs are 
reproduced in Figs. L8a-e. 

The general features observed in the photographs 
a) white streaks shown with both Co 
ind Fe radiation due to Cr segregation, (b) additional 
» radiation due to MnS inclusions, 
(ce) black inclusns showing with both Fe and 
light inclusions: probably alumina 


microradiography to 
extent and segregation, 
inclusions. 
deseribed by 


as far as possible samples giving a low, 


Enlargements 


ire as follows 


white streaks with ¢ 
und 
Co radiation due to 
ol possibly silicate 

Comparison of the radiographs of the various steels 
showed that casts BEA3, 4, and 5, which gave a very 
poor rig performance, had the largest areas of alu- 
mina and heaviest segregation; a typical example of 
the structure of one of the lowest life members of 
these Casts IS shown In Fig LSa. These steels also con- 
tain a considerable amount of MnsS. On the other hand, 
the casts which gave a better average performance 
were generally free from any relatively large alumina 
or silicate inclusions, although in some cases there was 
still heavy segregation; Fig.184 shows an example of 
i specimen which gave a comparatively high life. 

If the samples with varying lives from the same steel 
were compared it was again found, in general, that the 
test specimens with the shortest life contain the high- 
est number of alumina inclusions; Figs.1l8c—e show 
typical examples of the structure of low, medium, and 
high life members of cast BEA10, which gave the best 
rig performance of any of the steels tested. It will be 
noted that this steel is comparatively free from Cr 
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segregation and alumina or silicate, but contains a 
considerable amount of MnS. The heterogeneity in the 
distribution of inclusions observed in this cast was 
typical of all the other casts examined. 

Generally the results obtained by radiographic 
examination substantiate the view formed on the 
basis of metallographic work, namely that alumina 
inclusions are detrimental to life and that a low con- 
tent is associated with a high number of MnS inclu- 
sions, which, in themselves, do not appear to affect 
the performance. In the case of casts HF V1 (Fig.186) 
and BEA’ (similar to Fig.18a), however, there did 
appear to be some discrepancy between the results 
given by the two types of examination with regard to 
the number of alumina inclusions observed. Radio- 
graphic examinations showed HF V1 to be cleaner and 
BEA3 to be dirtier than indicated metallographically. 
The microradiographs, however, taken at a magnifi 
cation of 20 only reveal the larger inclusions present, 
and it will be noted from Table 1V that cast HFV1, 
although containing on average a large number of 
small inclusions, is virtually free from any alumina 
inclusions greater than 0-004 mm in width. On the 
other hand, cast BEA3 contains a comparatively high 
content of the larger sizes of this type of inclusion. 
Another point in connexion with cast BEA3 is that 
as this material contains massive segregates of inclu 
sions there will be differences from one specimen to 
another as. in fact, has been shown by the two sam- 
ples examined radiographically. 


Inclusion counts at failure 

Because rig performance appeared to be associated 
with the total number of alumina and silicate inclu- 
sions and because a heterogeneous distribution of in- 
clusion was suspected as instanced by the marked 
difference in the lives obtained on a single dise tested 
on each side in the laboratory rig, it was decided to 
make inclusion counts on a section taken through the 
actual failure and to confine the count to material 
immediately adjacent to the track. Since, in the case 
of the experimental flat type of specimen, it has been 
calculated that the maximum shear stress occurs at a 
depth of 0-0039 in. below the surface, it was originally 
intended to confine the count to inclusions between 
the surface and a depth of 0-005 in. so that material 
subject to the highest stress values only was included. 
This proved to be impossible, as only 60-70 fields 
could be obtained instead of the 167 fields required 
for the detailed count which had been standardized. 
(This number of fields is slightly lower than that 
originally used but the change was made in order that 
the actual area of the specimen examined equalled 
3 mm/°.) Material to a depth of 0-01 in. below the sur- 
face was therefore explored, although as a matter of 
interest the number of inclusions in the surface area 
was included for comparison. The procedure for 
measuring and classifving inclusions was the same as 
that previously used. 

The materials chosen for this work included two 
vacuum-melted and two air-melted steels, casts HF V1 
and HF V2, and BEA] and BEA10 respectively. These 
steels showed aw ide range of lives and also the average 
lives varied significantly. Specimens were selected 
from each steel to give the widest possible life seatter 
and the results of the inclusion counts obtained are 
given in Table V. It was found that in most cases the 
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results of counts covering a depth of 0-010 in. agreed 
with those confined to material between the surface 
and a depth of 0-005 in., and can thus be regarded 
as representative of the material which is subject to 
the greatest level of stress during testing 

The majority of the inclusions observed were graded 
as class QO, and only in a small number of specimens 
were any inclusions found which were greater than 
3mm in width at a magnification of « 750. This made 
it impossible to obtain a reliable assessment of the 
effect of size of inclusion 

In the first attempt to find some correlation between 
life and inclusion content the data examined 
without regard to size of inclusion. The total number 
of each type of inclusion present was compared with 
the corresponding life values; and combinations of the 
various) types particularly those labelled 


Was 


‘non 


Fe RADN 


BEA4, Life 
HFV1. Life 
BEA10 10° rev 

BEA10. Life 34+2/30-2 x 10° rea 
BEA10. Life 78:4 NF/21-6> 


1:7/0-4x 10° rer 
14°8/52-2> 


Life 9-8/8&-6 » 


10° rew 


108 rev 
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This failed to show 
any consistent effect associated either with sulphides 
or with the total number of all the types of inclusions 
whether only one steel the 
four series as a the combination 
alumina and silicate showing an effect 
and its relationship with life is given in Fig.19 


deformable’, were also considered 


series was considered or 


Onc ¢ 


seemed to be 


whole again 
this is 
considered to be a reasonably good correlation in view 
of the uncertainties in determining both the life and 
inclusion count The unsatisfactory feature of 
this relationship is that there is a difference in the life 
values associated 


values 
with any particular count for the 
air-melted and vacuum-melted steels, the air-melted 
steels giving a longer life for a given inclusion content. 
It appeared, therefore, that other factor must 


Some 


be causing a reduction in the life of the vacuum-melted 
steels and a reappraisal of the data focused attention 


Fe KRADN Co RADN 
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19 Effect of alumina and silicate content on life 


on the comparatively large number of titanium nit- 
ride group inclusions in the vacuum-melted steels. 

If the number of all sizes of titanium nitride group 
inclusions is added to the totals of alumina and sili- 
cates, it is found that, for a given level of inclusions, 
the vacuum-melted steels now show a higher life than 
the air-melted steels. This suggests that titanium 
nitride group inclusions affect the life, but to a lesser 
extent than alumina and silicate inclusions, and, in 
fact, the best correlation seemed to be obtained with 
the numerical combination of alumina-silicate-+ 
TiN /2 group inclusions. This relationship is illustrated 
in Fig.20 where a single curve can reasonably be drawn 
through all the points obtained from 24 specimens 
representing different steelmaking techniques. 

This finding led to a statistical analysis to determine 
whether, in fact, the best relationship had been found 
and to test its significance. Processing the data on a 
computer revealed that life is very significantly corre- 
lated with alumina (class O) content. The relation- 
ships previously suggested all contain this factor but 
the statistical analysis showed that, although these 
relationships are significant, the correlation coefti- 
cients are not as high as with alumina alone. The 
curve drawn in Fig.21 represents statistically the 
average curve for the life values plotted against the 
number of alumina (class O) inclusions, and it is inter- 
esting to note that this forms a rectangular hyperbola 
such that 


Life 


e 
< 





Sulphides 


Bearing 


n did not fail 


Inclusion counts at position of failure 


arc 
3 specin 


68 » 105 


Number of alumina (class O) inclusions 


indicate 


GENERAL DISCUSSION 
The main purpose of the work that has been carried 
out was to establish the effect of steelmaking practice 


standard practice 








Steel quality 


Basic electric 
Basic electric 


TABLE V 
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20 Lffect of Al,O, silicate and ‘TiN’ inclusions on life 

on bearing performance. A simple laboratory rig was 
designed to simulate conditions in bearing service and 
to establish the value of this test attempts were made 
to align its results with those of manufacturers’ bear- 
ing tests and conventional rotating beam fatigue tests. 
The former has been less satisfactory than would have 
been expected from the similarity of the two types of 
test and the failures arising from them, but as com 
parisons have only been completed on five casts, and 
as in each case it is felt that insufficient attention had 
been paid to ensure parallel sampling for the two tests, 
further work is proceeding. In the case of the rotary 
bending tests the result was happier under specific 
conditions of stress. It is against this background that 
the results have been assessed for their usefulness in 
determining the most satisfactory steelmaking prac- 
tice. 

The most important measure of a bearing steel from 
the manufacturers’ point of view is the low-life per- 
formance; Swedish acid OH and CaSi-deoxidized 
electric are casts as judged on the basis of the labora- 
tory rig test are the best in this respect. On average 
life performance, however, these steels show no ad- 
vantage compared with other air-melted steels with 
the exception of the ‘neutral OH’ steel where only one 
cast was tested and an early series of experimental 
low-sulphur electric are casts. In the case of vacuum- 
melted steels the relative performance differed accord- 
ing to the method of assessment. In these steels scatter 
between individual results is much greater than that 
of air-melted steels so that although average life is 
relatively high, the low-life performance is poor. There 
is some indication, however, that this difference in 
behaviour becomes less marked as the overload con- 


Bearing properties of a 1%C-Cr steel 441 


Ht} 
| 








z 


21. Effect of Al,O, (class ‘O’) content on life 
ditions in the test become less severe so that under 
normal bearing operating conditions they could per 
form better than other types. 
in making this assessment, any possible effects of 
ingot size have been ignored. This is one aspect which 
it is intended to explore in a future programme. 
Rotary bending tests 
differences between the steels, not 


have shown considerable 
only in limiting 
fatigue stress values but also in the performance at 
1%, C-Cr 
steel also show considerable variation; for example, for 
air-melted steels Styrit reports a limiting fatigue stress 
value of about 52-9 tons/in? 
value as low as 35-7 tons/in®. Regarding the etfect of 
practice it has been reasonably well 
established in this and other investigations’ 7» ° that 
vacuum-melting increases the limiting fatigue stress 
value. In air-melted steels the influence of steelmaking 
practice, however, is uncertain, although Frith? claims 
that the fatigue strength of OH steels is higher than 
that of electric furnace material. In the authors’ tests 
the OH casts tend to show less scatter in limiting 
fatigue stress value compared with the basic electric 
are steels tested, and lie at the top of the scatterband 
obtained for the basic electric are material. There is 
no doubt that good electric are steel at least matches 
OH quality and that modifications in electric are steel- 
making practice can reduce the scatter and restrict it 
to the upper part of the band. 

Little attention has previously been given to the 
performance under rotary bending conditions at 
higher stresses. This is a function of the slope of the 
S-N curve, and it has been shown that this varies 
considerably for different steels, and is also largely 


higher stress levels. Published figures*: ® 7 on 


whereas Frith’ gives a 


steelmaking 
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independent of limiting fatigue stress value. The 
greatest difference in slope occurs between vacuum- 
melted and air-melted steels. All the vacuum-melted 
steels give a very shallow slope with the result that 
steels of this type tend to lose their advantage’ com- 
pared with air-melted steels as the stress increases. In 
the present series of tests in fact, the two qualities 
give similar endurance values with stresses between 
and 60 tons/in®. Recent US 
SAK4340 quality steel has shown a similar effect and in 
this case there is no difference in the endurance value 
of air-melted and vacuum-melted steels at stresses of 
62 tons/in*. 

Many previous attempts have been made to explain 
the difference in performance under rotary bending 
conditions in terms of inclusion content. The results 
obtained, however, are very conflicting; for example, 
Hyler. Tarasov and Favor!* report no correlation 
between fatigue strength and size or location of inelu- 
sions, Whereas Stulen, Cummings and Schulte'? report 
that the fatigue strength is strongly dependent on the 
size and location of inclusions. In connexion with the 
differences in slope of the S-N curve the latter 
that there is 
with increasing stress, from sensitivity to (perhaps) the 
effect of 
to not only 
smaller These workers obtained particu 
larly interesting the case of a 
melted steel, which suggested that although no mea- 
surable inclusions were observed in some of the speci- 
mens examined, fracture nuclei could be identified and 
counted, They further that 
submicroscopic size or some other submicroscopic 
stress-raisers are present. On the basis of these counts 
found that as the stress level increased, the 
number of nuclei in vacuum-melted steel also in 
creased faster than in the corresponding air-melted 


até e| 


about 57 work!! on 


workers!! also suggest a rapid change 


a single domindgnt inclusion at low stresses 


some dominant inclusion but also other 
inclusions 


results in vacuum 


suggested inclusions of 


it was 


If a correlation exists between bearing rig life and 
inclusion content at the position of failure, as well asa 
relationship between bearing life and endurance under 
rotary bending conditions, it follows that there should 
be a correlation between inclusions and rotary hend- 
ing performance. The limited number of tests which 
have been carried out, however, have failed to confirm 
this, and it is thought that in this form of test, position 
rather than size and/or number of inclusions is the 
dominating factor. No evidence has been obtained of 
any in fracture nuclei with increase in stress 
and so far no satisfactory explanation can be given 
for the difference in slope of the S-N curves. 

The failures previously to establish any definite 
correlation fatigue determined 
under rotary bending conditions and bearing test per- 
formance probably stem from attempts to do so with 
out regard to the conditions under which the bearing 
tests have carried The authors’ 
suggest that as the effective stress in the bearing test 
increases, the bending stress required to provide a 
related endurance value will also increase, and only 
in cases where the bearing stress is comparatively low 
will the limiting fatigue stress value provide any indi- 
cation of bearing performance. For the stress condi- 
tions peculiar to a particular bearing test there will 
be a specific level of bending stress which will give an 
average endurance value related to the average bear- 


merease 
het ween 


properties 


been out. results 
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ing performance, and because of differences in the 
slope of the S-N curve comparisons will be invalid 
at any other stress level. 

It is not possible to calculate the bending stress 
corresponding to a given bearing load or to suggest 
any positive explanation for obtaining, for example, 
in the case of the authors’ rig, with 
58 tons/in*. It must 


a correlation 
endurance values at a stress of 


be assumed, however, that this particular rotary 
bending stress produces stress conditions which show 


a similar effect to those imposed by the 750-lb load 
applied in the case of the bearing test. 

Much further work is required before this correla- 
tion can be accepted, but if it is confirmed the rotary 
bending test will prove of considerable value as a 
means of obtaining a preliminary indication of the 
properties of bearing steel. The advantages of this 
form of test are obvious, and in particular, it will 
enable a relatively quick assessment to be obtained 
of the likely behaviour of a material under different 
bearing operating conditions. 

The investigation into the effect of inclusions forms 
one of the most interesting features of the work des- 
In the case of the four steels that were exam- 
ined in detail, it has been possible to find a correlation 
between laboratory rig life and inclusion content. So 
far as the authors are aware this is the first time that 
any quantitative relationship between life and any 
other factor has been put forward although Frith? and 
other workers have obtained evidence of similar rela- 
tionships on a qualitative basis. At this stage it would 
be misleading to over-emphasize this correlation, in 
spite of its statistical significance, because of the 
limited data available. It is based on the examination 
of only four relatively clean steels and all the tests 
have been carried out under one particular set of 
conditions. The hope is that confirmation will come 
in due course from the further work in hand so that 
it will ultimately be possible to relate the life of all 
bearings to inclusion content. The results which are 
now being obtained from a preliminary examination 
of a number of failed manufacturers’ bearings, tested 
under commercial rig conditions, have encouraged 
this hope. Certainly the inclusion content is the only 
factor that has been investigated which appears to be 
related to life. 

Although in those steels which were examined in 
detail the life of any individual specimen is most sig- 
nificantly correlated with the number of alumina 
inclusions greater than 14 mm in width at a magnifi- 
cation of 750, which present immediately 
adjacent to the failure, it so happens that alumina 
inclusions of this size predominate, so that the evi- 
dence does not eliminate the possibility that other 
similar types of inclusions, such as silicates and TiN, 
will not have a similar effect. In fact, if the compara- 
tively small number of these latter types of inclusion 
is added to the total alumina the significance of the 
correlation is only slightly reduced. The effect of size 
is not clear since in the main all the inclusions present 
are small. The evidence does seem to suggest that 
marked influence on life is due to the alumina, silicate, 
and inclusions of the titanium nitride group, i.e. the 
types which are not deformed at ordinary rolling 
temperatures. Frith® that this is because 
end-cavities are produced in rolling owing to the 
difference in plasticity between the inclusion and the 


cribed 


were 


suggests 
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parent metal. No end-cavities have, however, been 
observed in the present series of tests, but since the 
majority of the inclusions are small their existence is 
not ruled out, and it is possible that they might be 
revealed by more detailed radiographic examinations 
or microscopical examination at higher magnifica 
tions. Sulphides that are plastic at rolling tempera 
tures would not be expected to affect the structure in 
this way, which is in agreement with the results of 
this work where sulphide inclusions did not ippear 
to be detrimental 

It is not considered that all the deleterious types ol 
inclusions will have an equal influence, but it is sug 
gested that the life is governed by the occurrence of 
one or more of these at the position of maximum stress 
The criterion thus becomes that of the probability of 
these inclusions critical positions 
tive to the track related to the 
number of inclusions present 

Although the establishment of the life inclusion rela 
tionship does offer the interesting prospects that have 


rela 
total 


occurring at 
which will be 


been propounded, its practical application may prove 
to be difficult. In the first place the rela 
tionship has only applied when the inclusions adjacent 
to and failure have 
counted, There is little doubt that segregation of inclu 


much more 


immediately below the been 
sions, perhaps in small pockets in the form of cloud 

and this he the cause of the 
results on vacuum-melted steel. It has vet to he estab 
lished whether this limitation of the position of the 
inclusion count can be 


{ 


occurs, low-Life 


could 


overcome by some system of 


sampling. It certainly seems that this may have to be 
quite extensive and very carefully controlled to enable 
of the 
inclusion count. Exploratory work is planned on the 
sampling problem though it is not yet seen how thi 
inclusion heterogeneity can be influenced in the steel 


a reasonable assessment to be made scatter ol 


inclu 
sions seem to be deleterious it is essential that the 
method of counting is capable of identifying them 
Standard types of inclusion counts do not meet this 
requirement in sufficient detail and a count of the 
type used in the present work, with which it has been 
found difficult: under mditions to get re 
producible results, is even less readily and accurate) 
applied in works laboratories as 
tion control 
very 


making. Secondly, since only certain types of 


research c¢ 


a means ot produc 
Lastly, since there are indications that 
small inclusions ean have as much influence on 


and perhaps more. possibly through 


life as | irge ones 
their wider distribution and consequently higher proba 
bility of being present in a highly stressed area, the 
added complication of having to carry out asses 
at relatively high magnification 750 
detect them has to be faced 

Further simplification is certainly indicated, so that 
this work can be ctical tor 
will be useful in the control of steelmaking practice 


smMents 


in order to 


converted into a pri 1 that 


SUMMARY 

1. A fatigue rig designed to simulate in simple form 
the conditions applying in the case of bearing endur 
ance test rigs, and which produces the same type of 
bearing failure, has been developed 

2. Tests have been carried out with the main object 
of investigating the effect of differences in steelmaking 


and basic electric are practice; acid, basic, and ‘neutral 
OH’; and high-frequency vacuum-melted steels have 
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been compared. In the case of basic electric are steel 
the test has been used to assess the eftect of modifi- 
cations in deoxidation practice. These tests have indi- 


cated that the following may be significant 


(i) when assessed on the basis of 
little 
acid OH. steel 


uperior to othe 


difference betwee! 


vacuum 


when asses 

yuency vacuul 
mance corn pared wit! 
well-made basic electr 


although the 
} 


latter are ! ai 


usceptible to s y variables 


3. The same steels have been used for be and 
rotary bending tests and the performances given by 
the different test methods have On 
the basis of these tests the have 


been noted 


ring 


bye en compared 
following 


points 


te 


elationship with the en 


ss level. The latter may 


4, A cr mipre hensive metallurgical examination of the 
led to a de 
tailed investigation of the form and type of inclusions 
The following trends were indicated 


and this 


I 
test specimens Was carried out 


preset nt 


pertiormance 


was necesst 
irhood of the 
a quantitat ve 


und life. 


tween tt typ Nnciusions 


5. Work is being continued in the hope of being able 
to develop a practical tool for the control of steel 
quality. 
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Marker movements in the oxidation of iron 


and some other metals 


R. F. Tylecote and T. E. Mitchell 


INTRODUCTION 
rHIS PAPER IS PART Of a series On Various aspects of the 
problem of adherence of oxide films on relatively pure 
metals. Although a great deal of we 
voted to the study of the oxidation « 
inert markers, 
the oxidation, which are 
applicable over an extended temperature range. Pfeil 
used a marker of chromic oxide, and found a porous 
oxide layer between the marker and the metal surface 
after oxidation for long periods 
L050 Cl} Engell and Wever 
contact with the surface during 
oxidation between 600° and but 

found within the film after oxidation at temperatures 
above 850 C. This led them to conclude that 
800°C the transport mechanism was cxclusively 
outward movement of metal ions, 


rk has been de 


firon by means of 


no definite conclusions have been drawn 


regarding mechanism of 


between SSO and 
showed that markers 
row 


SOM) ¢ 


remained in 


were to be 


below 
the 
though at higher 
temperatures some inward diffusion of oxygen is 
taking pl ‘ 


place. | 


Davies and his colleagues using a 


radioactive silver tracer, showed that oxidation of 
iron to wiistite was solely by the outward movement 
of iron ions up to L090 C, Sachs® has questioned the 
validity of Davies’ experiments. has sted 
that the 


Recent work 1 Juenket 


and 


sugurt 
markers were not inert 


Fand others, has contirmed 
observation of Engell and Wever that 
it high te t Addi 
tional work by Mackenzie and Birchenall? and one of 
the present authors*® showed that pure 
have some degree of plasticity 
sheet them to follow up the 
shrinking metal and maintain contact. On the other 
hand, this appears to be inhibited by the formation of 
thin Supe rficial films of FeO, and Ke,O,, which 
normally form at the higher temperatures. Juenker 
and his colleagues suggested that the 


the 
move into wiistite films 


markers 
mperatures 

wiistite films 
which. in the case of a 


specimen, would allow 


movement of 
markers into the film at high temperatures was due to 
the rigidity of the higher oxides which prevented the 
wistite from contact with the metal, 
leaving a void. This void was filled by oxidation of 
metal at the oxide/metal interface so the 
marker well within a dense film. The mechanism of 
inward oxygen diffusion was left undecided 

On the other hand, 


maintaining 
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gradient 


specimens 
WNCyY above a certain 
to nourish the 
Pfeil-type’ porous 
where repe ited failure of the oxide to adhere 
takes place in one spot In this case the amount of 
metal supplied to the scale decreases steadily and 
large amounts of the higher oxides are formed 

The present work was undertaken with the object of 
testing the Dunnington mechanism 


will become too small 
so leading to a 
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oxidation process by means of inert markers, so as to 
try and determine which of the above mechanisms 1s 
operative at any one time, and its influence on adher- 
ence. In order to test the validity and interpretation of 
the of other 
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under conditions similar to those for iron. 
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f\ 


SITION 


1 Method of attachment of marker ¢ 


und suspension of specimen 


involving the outward movement of cuprous ions, 
titanium is generally thought to oxidize by the inward 
diffusion of oxygen!! (although Kinna and Knorr,!” 
and Hurlen,!* disagree with this), and zirconium would 
be expected to behave similarly to titanium. A Cu 
1°,Al alloy was also used, for comparison with pure 
copper. 


MATERIALS USED AND EXPERIMENTAL PROCEDURE 
Materials 

The iron used was Swedish charcoal iron APC with the 
following composition: 0-017°,C; 0-O0L°,Si; 0-006°%, 
Mn; 0-007 °%S; 0-002°%P; Cu, Co, Ti, Ni, Cr, Mo, V, Al, 
Sn, Pb, As, and B all less than 0-01°, by weight. 

The composition of the non-ferrous metals was as 
follows Copper NPE; Q,, 0-030%; Fe, Ni, and Pb, 
0-0005°,; P, nil; Sb <0-0002°, if any; As, <0-002%, if 
any. The zirconium had a purity of 97-7), the 
principal impurities (excluding hafnium) being 0-1°,0, 
and 0-1°%C. The titanium contained about 0-1°,0,, 
0-02°,N,, 0-006°,, Hy, 0-029 C, and 0-08°, Fe 


Preparation of specimens for oxidation 

The specimens consisted of small pieces of strip 0-040 
0-100 in. thick with three 0-03-in. dia. holes drilled for 
the attachment of a marker and support during 
oxidation (Fig.1). Since the thin material would have 
been completely oxidized at higher temperatures, the 
thicker material was used at temperatures above 
800°C. In order to investigate the effect of specimen 
size on the oxidation of iron, specimens 0-18 and 
0-36 in. thick were oxidized at 900°C for 16 h. 

The iron specimens were degreased by swabbing 
with toluene and then vacuum annealed at 900 C for 
th which reduced the hardness to about 75 DPN. 
They were then mechanically polished on emery paper 
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TABLE | Results of the oxidation of artificial cavity speci- 
mens 


Iron APC 4/0 micro polish. 0-123 in. thick 





ss after 


Hole dia., in 
ym, in. 
Film 2 Metal Initial Final 


0-040 
0-035 
0-027 


O-O50 
0-065 
O-1lOl 
O-ogl 


0-045 O-055 
la Blank 
2 Cavity 0-045 0-051 
2a Blank 
3% Cavity 


ja Blank 


O-027 
00-0143 
0O-O18 
Vityv 4 00-0285 


0-106 
O-1L06 
0O- LOS 


0-045 0-046 


0-040 0-045 


O-O285 O8-093 





to grade ‘000° and then on a revolving polishing pad 
using a suspension of alumina. Degreasing was carried 
out by rinsing in successive baths of toluene. The speci- 
mens were finally electrolytically polished using a solu- 
tion composed of 133 ml glacial acetic acid, 25 ml 
chromic trioxide, and 7 ml distilled water. The time 
required was 10 min at a current density of 15 amp 
dm* using a stainless steel cathode. The temperature 
of the solution was maintained at 20°C, The apparatus 
allowed only one side of the specimen to be polished at 
once, so when one side had been polished the specimen 
was removed and the polished side coated with wax. 
The unpolished side was then set to face the cathode 
and was also polished. The wax was removed in a 
current of warm air, and after degreasing in toluene 
the specimen was ready to have a marker attached 

The non-ferrous specimens were similar in dimen- 
sions to the iron specimens and the method of prepara- 
tion was similar except for the final stages. Copper 
was given a final electrolytic polish using a solution 
consisting of 700 ml orthophosphorie acid and 350 ml 
distilled water at a current density of 7A/dm? for 
30 min. Titanium was prepared by polishing on selvyt 
with diamond grit of grades 6; 3; 1; 44; and was then 
given a light etch in a solution of hydrofluoric acid, 
nitric acid, and glycerol in the ratio 1:1:2. Zirconium 
was prepared by polishing with the four grades of 
diamond grit and finally dipping in 25°,HNO,, which 
gave a bright surface free from pits. 

The markers used were made of platinum wire in 
two thicknesses: 50 swg (0-001 in.) wire was used at 
lower temperatures, but it was found that 44 swg 
(0-003 in.) had to be used at high temperatures where 
creep caused the thin wire to break. The specimen was 
supported horizontally by means of a Ni-Cr alloy 
wire, and the platinum marker was laid across the sur- 
face of the plate by attaching one end to the specimen 
and the other end to a 1 g weight which ensured good 
contact between the marker and the specimen. The 
arrangement is shown in Fig.l. This method means 
that it is only possible to mark one side of the speci- 
men, but it had to be used since the method of looping 
the wire completely round the specimen caused the 
wire to break before sufficient tension had been applied 
to give good contact 


Apparatus used for oxidation 
The specimens were supported in a_ vertical tube 
furnace, and allowed to oxidize in air supplied by 
natural convection. 

The specimens were given a final degreasing treat- 
ment by dipping in successive baths of toluene. A 
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Comparison of adherence of artificial cavity 
specimen and a normal specimen of tron 
oxidized at 800°C a | 


winch served to raise and lower specimens to and from 
a predetermined position in the furnace. Each speci- 
men was attached to a silica rod by means of a ni- 
chrome wire hook and the silica rod was in turn attach- 
ed to the winch by means of fine wire. 

Wire spokes attached to the silica rod prevented the 
specimen touching the furnace walls. The thermo- 
couple was introduced through a silica tube and was 
set so that the hot junction was about } in. above the 
surface of the specimen. In this way, specimens were 
oxidized at temperatures in the range 750-1000 C for 
periods from 4 to 65 h. Slow cooling was employed to 
minimize the possibility of exfoliation due to different 
thermal contraction coefficients of metal and oxide. 
The specimens were then mounted and polished metal- 
lographically and examined to find the position of the 
marker. 

The mounted specimens were ground on emery 
papers, finishing with grade ‘000° using paraftin as 
lubricant. They were then ground on a revolving pad 
using alumina powder. After washing, a final polish 
was given on a selvyt pad using a fine paste of alumina. 
Grain boundaries in iron oxide were shown up by 
etching in aqueous 5°,0, HNor 5°,HCI. The FeO, 
was not attacked and the Fe,O, was a lighter colour 
than wiistite. Thus the three distinct oxide layers were 
visible, and the thicknesses could be measured. 


EXPERIMENTAL RESULTS 

Effect of artificial cavities in iron 

In order to test the theory of Dunnington and his 
colleagues a number of 0-123-in. thick iron specimens 
were made from APC plate. Some of these were drilled 
with holes 0-040-0-045 in. dia. along the thickness of 
the specimen (Fig.2). If Dunnington is right it could be 
argued that these holes would act as sinks for the 
vacancies being created during oxidation at the metal 
oxide interface, and therefore delay exfoliation. For 
this purpose it was necessary to prevent the holes 
themselves being oxidized and they were therefore 
drilled a little short of the end of the specimen and the 
other end plugged with pieces of iron wire. The speci- 
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mens were then polished on wet metallographic 
polishing papers down to a fineness of grade ‘OOOO’. 

Specimens with and without the cavities were 
oxidized at 750°, 800°, and 950°C, for 22 h and the 
results are shown in Table I. At 750°C there was little 
difference in the behaviour of the two specimens, and 
the films on both sides of the specimen with cavities 
were adherent. On the specimen without artificial 
cavities, the film on one side adhered well, while that 
on the other was partially non-adherent after oxida- 
tion. The film thicknesses were the same all four sides 
and the films consisted substantially of wiistite with 
very little of the higher oxides. This shows that the 
small amount of exfoliation on the specimen without 
cavities must have taken place on cooling. The final 
metal thickness was the same in both cases, and no 
increase in the hole diameter had occurred, showing 
that there was little diffusion of 
the holes. 

After oxidation at 800°C there was a marked differ 
ence between the specimens. The metal remaining in 
the specimen containing cavities was 0-101 in. thick 
while that in the specimen without was only 0-091 in 
in thickness. The holes had increased in diameter from 
0-045 in. to 0-051 in. One hole showed signs of oxida- 
tion, presumably due to leakage, but this hole was not 
measurably larger than the others. The films, still sub 
stantially the same thickness on both specimens, had 
adhered well on the specimen with cavities, while on 
the blank specimen contact was completely broken on 
one side, and intermittent on the other (see Fig.2). 
This experiment was repeated with similar results, but 
it was noticed that the holes in the cavity specimen 
now had a marked ovality, the long axis being normal 
to the metal /oxide interface. 


vacancies towards 


After oxidation at 950°C, the consumption of metal 
had gone so far that the holes had been broken into 
and were themselves heavily oxidized. The metal 
oxide interface was therefore very irregular, but the 
thickness of the metal remaining in the cavity speci 
men was somewhat less than that remaining in the 
blank. The total film thickness was appreciably greater 
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TABLE Il 
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Oxidation conditions, adherence, and position of marker in scales on iron 





Conditions of 
oxidation 
Temp., °C 


Original metal 
thickness, in. 


Thickness of 
Time, h scale, in. 





50 15 
Ta 1s 
19 
750 20 
750 


TRO 
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040 
040 
040 
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TOO oOog 
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15 
16 
SOO iH 


stm) 
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025 
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vow 
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900 
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on either side 
adherent 
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ther side non-adherent 
iarker at intertace 
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In non-adherent scale; other side exfoliated 
At metal/oxide 
At metal/oxide interface; 


. Other side 


m cooling 
interface; both les exfoliated on cooling 
both sides exfoliated on coolir 





on the cavity specimen, suggesting that in the early 
stages of oxidation the cavities had played a part in 
delaying exfoliation so that outward diffusion of metal 
ions was maintained for a longer time than with the 
blank spe cimen, 

These experiments go some way towards supporting 
Dunnington’s explanation. It would appear that at 
750°C the size of the cavities on the interface after 22 h 
is not sufficient to reduce the adherence. Nor is the 
number of vacancies diffusing in 22 h at this tempera- 
ture sufficient to enlarge the holes. At 800°C a high 
proportion of the vacancies have diffused into the 
cavities provided, thus enlarging them, with the result 
that adherence has been much improved. At 950°C 
some improvement has been effected in the early 
stages by the presence of the cavities, but the long 
time of oxidation and consequent high metal con- 
sumption has largely negatived the initial improve- 
ment. 


The position of markers in oxide films on iron 

The quantitative assessment of adherence raises many 
difficulties and it has been necessary here to resort to 
purely qualitative expressions. It would seem that the 


3 Varker at me talfoxide interface after 


oxidation of iron at 800°C’ showing 


of 


(specimen no.9) 


co-operation film on either side 


< 40 
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exfoliation of films is partly caused by the accumula- 
tion of vacancies on the metal/oxide interface. This 
effect increases with time, and provided no sinks are 
present will result in complete or partial loss of con- 
tact. At low temperatures (¢.750 C), the formation of 
actual cavities on one or other of the interfaces can in 
some cases be seen. When loss of contact finally occurs 
on one interface, the continued adherence of the other 
side seems to be assured, even after cooling to room 
temperature. However, when both films stay adherent 
during oxidation, some weakening of contact between 
the metal and oxide on these two surfaces seems to 
oecur, and there is therefore more likelihood of 
exfoliation of one or both sides during cooling. It is not 
difticult to differentiate between exfoliation during 
cooling and exfoliation on oxidation, since the latter 
leads to a restricted outward ion flow and consequent 
increase in the proportion of the higher oxides at any 
given temperature. Therefore, in the results given in 
Table II, the degree of adherence relates to adherence 
at oxidation temperature and ignores the fact that 
many adherent films have exfoliated on cooling. The 
thickness of scale on both sides of the specimen is 


given, since in most cases the thicknesses on opposite 
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TABLE til Composition of adherent scales formed on iron 








sides of the specimen were not equal. It was quite 
clear that the effect noted by Dunnington was taking 
place. In many cases the scale on the whole of one side 
of the specimen would be of one thickness, and that on 
the opposite side of a different thickness. In some 
cases, however, the thick film would change sides as 
one moved from one end of the section to the other 
showing evidence of the co-operation noticed by 
Dunnington (see Fig.3). When exfoliation oceurred on 
one side, the oxidation rate decreased, and so this 
would become the thin side with a large proportion of 
the higher oxides. The film on the other side would 
remain in contact and thicken normally. When the 
marker happened to be on the adherent side it was 
found at the metal/oxide interface or near it. When it 
happened to be on the other side, it was well embedded 
in the film. 


4 Marker at metal/oxid: 


interface 


SH0-C' (specimen no.6 100 


after oxidation of tron at 6 Marker 
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5 Varker in non 


100 C (sper 


adherent scale after oxidation of tron at 


amen now 200 


The composition of the scales on the adherent side 
was measured microscopically and is given in Table 
I11. The composition of the scales is generally in agree 
ment with the results obtained by Paidassi.'* It is only 


in dense adherent fil after 18 h at 870° 


amen? 13 L100 
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Marker in Pfeil-type film after oxidation of iron at 950°C 
(specimen no.19) x 75 


at 900°C and above that there is a significant differ- 
ence between the two sets of results. Paidassi main- 
tained 95°, wiistite in his films up to L000°C, which 
may be due to differences in metal purity or thickness. 

During the examination of the microsections it was 
noticed that the rate of oxidation was reduced at the 
corners of the specimen, so giving rise to the ‘waisting’ 
of the specimen noticed by Engell and Wever.® It was 
clear that the oxide had not been adherent at the 
corners Owing to the difficulty of accommodating the 
large stresses arising in this area with the small degree 
of plasticity available. The result of the non-adherence 
was an increase in the proportion of the higher oxides 
at the corners. The ‘waisting’ effect was only observed 
at temperatures below about 900°C. At higher tem- 
peratures a rounding of the corners of both the metal 
and oxide was observed. 

The films formed at 750°C tended to be adherent on 
one side only, and where the marker was on the adher- 
ent side, it was found at the metal/oxide interface. 
When it was situated on the non-adherent side it was 
to be found in the dense scale which contained a con- 
siderable amount of Fe,O, (Fig.5). 

Between 780°C and about 830°C the films adhered 
to opposite sides alternately, the marker remaining at 
the metal/oxide interface when on the adherent side 
(Figs.3 and 4). The oxide is dense and so far there is no 
sign of a Pfeil-type layer. As at 750°C, the non- 
adherent parts of the film tend to contain a larger 
proportion of the higher oxides. Elsewhere, the film is 
predominantly wiistite, with some Fe,O, precipitation 
on cooling. 

Above about 830°C, the films again become non- 
adherent on one side but the marker is now to be 
found within the dense oxide film on the adherent side 


(Fig.6). The non-adherent side contains a great: deal of 


the higher oxides. 
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Movement of marker 
during oxidation of 
tron at 750°C 





Above about 950°C one side becomes completely 
non-adherent while the other side reveals a Pfeil-type 
film with the marker within it (Fig.7). 

It is clear that exfoliation is dependent upon oxida- 
tion time and specimen thickness, since that oxidized 
for only 4 h at 900°C has both sides adherent, while the 
specimen oxidized for 15 h at 830°C has one side non- 
adherent. The effect of specimen thickness is shown by 
the difference in adherence of films formed on speci- 
mens oxidized for 16 h at 900°C. The films on the thick 
specimens, 0-36 and 0-37 in. thick, had remained 
adherent during oxidation, while the film on one side 
of the 0-18-in. thick specimen had exfoliated. In the 
case of the thick specimens, the markers were situated 
on the metal/oxide interface, while on the thin speci- 
men the marker was found within the scale on the 
non-adherent side. 

It is certain, therefore, that at 900°C, 0-36 in. of 
metal is sufficient to act as a reservoir for vacancies for 
times up to 16 h. The effect of film thickness is in 
agreement with recent work by Peters and Engell!® 
who found that the adherence of films on iron de- 
creased with increase in film thickness. However, the 
thickest film investigated by them was about 0-013 in.., 
i.e. well below the general level of film thickness 
obtaining in this work. 


Movement of markers in films on iron 


It is now generally accepted that inert markers need 
not remain at the original interface but may move 
inwards under the influence of surface tension forces 
in films having sufficient plasticity. Measurements 
made on a specimen oxidized at 750°C for 20 h, show 
that the marker on the non-adherent side had moved 


inwards 0-004 in., which indicates that the film 
had sufficient plasticity to make this possible. Figure 8 
shows how the process has progressed in this particular 
case. As the metal/oxide interfaces move towards 
each other, there comes a time when the metal can no 
longer absorb the vacancies at a sufficient rate, and 
these aggregate at the interface causing rupture on one 
side. After this, diffusion of oxygen and restricted flow 
of metal ions build up the wiistite round the marker. 
This, together with the rigidity of the increasing 
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9 Movement of 
marker during 
oxidation of iron 

= = _ J at 870°C 
thickness of magnetite, prevent further movement of 
the marker, which is more or less fixed in the position 
it had before rupture occurred. Movement on the other 
interface continues in an inward direction. Figure 5 
shows that in this case the marker on the non-adherent 
side is still in wiistite, that there is little magnetite on 
the inside of the film and that the Fe,O, precipitated 
on cooling is now more evenly distributed. 

At higher temperatures, as in the case of the speci- 
men oxidized at 870°C (Fig.6), the marker must have 
moved inwards as much as 0-012 in. before increasing 
oxygen penetration caused it to be buried in the film. 
At some stage the film on the opposite side to that 
shown in Fig.6 became non-adherent and acted as a 
sink for vacancies. The stages in this process are shown 
in Fig.9. In this case there is very little porosity near 
the metal/oxide interface and the thickness of the 
Fe,O, is still only 8-0°, of the total; a figure no greater 
than at 750°C, 

At still higher temperatures, as in the case of the 
Pfeil-type film shown in Fig.7, the rate of accumula- 
tion of vacancies is greater than the rate of their 


10 Varker at copper /oxide interface afte r ori 
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11 Varker at oride!a interface after oridation ¢ 


800 ¢ 


i titanium alt 

800 
diffusion to the on the other side of the speci 
men. Here, oxygen penetration and porosity are pres 
ent together. but even so. the 
inwards about 0-007 in. 


Space e 


marker has moved 


Position of markers in films on non-ferrous metals 

Pure copper was oxidized for periods between 2 and 
15 h in the temperature range SOO-SS0 ('. In all cases 
the markers were found at the metal/oxide interface 
Titanium was oxidized for periods up to 16} h at 


800 C and 2 h at 1000°C and in all cases the markers 
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lation of Cu-1°% Al 
200 


12 Varker at oxide/air after o 


illoy at SSO ¢ 


interface 


interface. Zirconium was 
and 44 h, and the markers 
like those on titanium, at the air/oxide 


the air oxide 
SO0-C for 17 


were on 
oxidized at 
were found 
interface 

The position of the markers on titanium is therefore 
not in agreement with the recent work by Kinna and 
Knorr!? and Hurlen,'® but does support the conclu 
sions of Davies and Birchenall.?! 

Figure 10 shows the position of a O0-OOl1-in. dia. 
marker on copper, and Fig.11 shows the marker out 
side the film on titanium. In the case of both titanium 
and zirconium the film is porous and laminated, and 
the metal/oxide interface is irregular. However, the 
film on zirconium is adherent even after cooling, while 
that on titanium, although adherent during oxidation. 
exfoliates on cooling. 

The copper-aluminium alloy showed, as expected, a 
decreased oxidation rate compared with pure copper 
but the marker was found to be in the scale layer close 
to the oxide/air interface, as shown in Fig.12. The 
structure of the scale shows the usual columnar grains 
of cuprous oxide extending from the air/oxide inter- 
face towards the oxide/metal interface. The region 
immediately adjacent to the metal was composed of 
fine equiaxed grains, probably due to the effect of 
alumina on grain growth in the oxide. Internal oxida- 
tion had occurred, giving rise to a subscale of Al,O, 
particles distributed throughout the metal in a definite 
hand, and along the grain boundaries of the metal. 


DISCUSSION 

Dunnington’s observations adequately explain why 
films formed upon iron at 750 C over a period of 16 h 
are adherent on one side only. The non-adherent side 
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does not admit oxvgen easily to the base of the film, a 
the film is still dense and relatively impermeable to 
oxygen, but there is an increase in the Fe,0, content 
on this side only. and the marker resides within the 
wiistite. Between about 780 C and 830 C the film tends 
to maintain contact alternately on either side 
Above about the films appear to be 
permeable to oxygen and there is a tendency for at 
to break away and form a film with a 
large amount of the higher oxides. The film on the 
is usually of the Pfeil-type, but in some 
found with the markers within 


SOO f more 


least one side 


adherent side 
cases dense films are 
them. 

There is no evidence that the outer lavers are having 
any effect on adherence, as suggested by Juenker. The 
Pfeil-type film can be adequately explained by the 
Dunnington mechanism, and no increase in the thick- 
ness of the layers of higher oxides occurs simultane 
ously with the presence of the marker within the film. 
Indeed, as shown in Table II], it is not until 1000 °C is 
reached that the proportion of 
increase. 


Ke . shows an 


The effect of increasing the specimen thickness is to 
delay the onset of exfoliation. This is not in agreement 
with Dunnington. who suggests that increasing the 
specimen thickness should increase the tendency 
towards exfoliation, since it reduces the vacancy con- 
centration gradient within the metal. However, if one 
regards the metal itself as a reservoir for vacancies, 
increasing thickness would be expected to delay 
exfoliation. 

The apparent movement of the marker into adher- 
ent films only occurs at high temperatures after fairly 
long times, i.e. 18 h at 870°C in the case of material 
0-060 in. thick. The films in which this occurred seem 
to be mainly of the Pfeil-type. These tend to show a 
porous layer between the marker and the metal inter- 
face, but in spite of this porosity a good deal of the 
film material adheres to the metal surface. Such films 
are relatively permeable to oxygen, partly because the 
outward movement of metal ions is restricted by the 
porosity and partly because oxygen diffuses in more 
easily via the grain boundaries. 

The presence of the marker within the scale is there- 
fore connected with the following factors 


(i) relatively plastic wiistite scale 


(ii) inward diffusion of oxygen 


iii) decreasing rate of diffusion of vacancies com 


pared with the rate of their creation. 


It is clear that there is sufficient metal/scale contact 
to maintain outward flow of metal ions, but the ten 
dency for the vacancies to congregate at the metal 
oxide interface and form holes is not always effectively 
compensated by inward oxygen movement. 

In the case of copper the effect of 1°, Al is sufficient 
to stiffen the film prevent it 
following-up the retreating metal surface; holes form 
the cuprous ion flow is restricted by these and the 
alumina present, and the marker is now found outside 
the film. 

The difference in the adherence of films on zircon. 
ium and titanium probably arises from the deforma- 
tion in the zirconium metal itself, which has been 
shown to take place by Hérenguel and others.!® 17 


cuprous oxide and 





Tylecote and Mitchell Marker 


SUMMARY AND CONCLUSIONS of the marker from the 

The present work has shown that the mechanism put outside of the scale. It 

forward by Dunnington et al. is essentially correct in presence of AIO, in 

the temperature range 750-LOO0O;C on iron of the  Cuprous oxide in this region and prey 
purity used. Between 750° and 850°C co-operation UP the retreating metal surface 
exists between the two sides of the specimen the fail In the case of titanium 

ure of one side to adhere due to vacancies congregating Were found on the outer 

at the metal/oxide interface provides the vacancies 

arriving at the other side with a sump and so assists ACKNOWLEDGMENT 

the adherence of the oxide 


‘ The authors’ thanks are du 
At about 900 C the rate of creation of vacancies is The author han ul I 


Steel Research Association fe 


so rapid that the metal is rapidly saturated and gaps | | APC 
‘ charcoal won 


are formed at the interface. Although the film has a 
high degree of plasticity and can in some cases form 
dense scale, in many cases it appears to be unable to REFERENCES 
follow-up the retreating metal surface sufficiently 1. L. B. Prem: JIS, 1929, (1), 501-547 
rapidly to prevent a Pfeil-type porous oxide film which ». L. B. Prec: ibid., 1931, (1), 237-255 
is to a certain extent permeable to oxygen. In such 3. H. EnGevi and F. Wever: Acta Met., 1957, 5, 695-702 
cases the marker is found embedded in the film sub- M. H. Davirs et al.: Trans. AIME, 1951, 191, 589-896 
stance, >. K. Sacus: Metallurgia, 1956, 54, 11 
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783-785 


Experiments made at 900°C show that relatively 
thick metal specimens delay exfoliation of the film and 


therefore absorb the vacancies arriving at the metal R. F. Ty.ecore: JIS], 1960, 196, 135-141 


oxide interface. Sooner or later, however, the metal B. W. Dunsrvaton et al.: Corrosion, 1952, 8, 2-13 

becomes saturated and exfoliation occurs on one side J}. BARDEEN et al.:.J. Chem. Phys., 1946, 14, 714-721 

On the adherent side, in all tests made at 900 C the M.H. Davies and (. E. BrrcHENALL: Trans. AIME, 1951, 

markers were found on the metal/oxide interface. It 191, 877-880 

would appear, therefore, that the vacancy gradient 2. W. Kina and W. Knorr: Zeit. Met., 1956 47, 594-598 

within the metal is not as important as Dunnington “i — = ; sigh : ong pacha 090-708 

suggests. Up to the time of exfoliation the vacancies K ng sancti ih P E: pote eh re 

are probably dispersed evenly throughout the spec 30, 275 289 
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POWDER METALLURGY JOINT GROUP 


FORTHCOMING MEETINGS OF THE GROUP The Powder Metallurgy Joint Committ nvites the sub 
1960 Winter Meeting, 15 and 16 December 1960 mission of papers describing original, unpublished work for 


; publication and discussion at meetings. Offers of such papers, 
Che next meeting of the Powder Metallurgy Joint Group will 


accompal red if p wsible by brief svnopses, should be sent to 
be held at Church House, Great Smith Street, London SW1, 


the Secretary to the Group, 17 Belgrave Square, London SW1 
on Thursday and Friday, 15 and 16 December 1960. Details of 


the programme were given on p.352 of the Journal for Novem 


ber. 1961 Winter Meeting 
1961 Spring Meeting ec os. aanacar gaaaamay 


; for high-temperat 
The Spring Mee ting of the Croup will be held at the Roval or , , 
4 ers Oo mapers describing 
Commonwealth Society, Northumberland Avenue, London pat 
WC2, on Monday and Tuesday, 17 and 18 April 1961, when 


there will be a diseussion on * T'he appraisal of powders for 


this meeting are invited 


pressing and sintering. The afternoon of Monday, 17 April, 1962 Spring Meeting 
will be devoted to a discussion of three specially invited review 
papers dealing with ‘Techniques for the evaluation of powders The principal subject 

The whole of Tuesday, 18 April, will be occupied with a hardened systems 

discussion on * The relationshi) between properties of powders Offers of papers deseribing orig 


and their pre S8ing and sinte ring hehaviour inv ited 
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DISCUSSION ON PAPERS 


Discussion at meetings 


Written contributions 


Discussion on steelmaking in electric-arc furnaces 


ANNUAL GENERAL MEETING 1960 


A report of the Annual General Meeting was give n in the 


August 1960 issue of the 


Journal. The main technical sessions were devoted to a sympostum on wide strip pro- 


} 
duction 


discussions from these sessions will be published in a Special Report early in 


196]. A discussion from the SESSLON ON steelmaking wn electric-arce furnace Sis qive 7 he low. 


This discussion was based on the paper ‘The new electric 
melting shop of Steel, Peech and Tozer’, by 2. S. Howes and 
(JUST, 1960, 195, May, 95-99) 
presented by Mr Jackson and Mr J. D. Wright, who was depu 
tizing for Mr Horves, Mr W. Barr, o.B.1 


1. Jackson The paper was 


, Was in the chair. 


Mr P. M. Thomas (William Beardmore and Co. Ltd): I con 
gratulate the authors on a very interesting paper. The large 
are furnace 


is still 


just coming to the forefront in the UK, and there 
a very great deal to learn and discuss on this equipment 
Parkhead we have been operating a furnace for some 


time now Oj} steels, 


fairly 
The very high production rate in these large 


stainless steels, alloy and 


large 
are furné is most striking. Here we are talking of a tap-to 
of 3 h 20 min, and it 
ould tell us the 
tapping and fettling, ch 
what 


tap time would be interesting if the 


authors ¢ times for charging, melting, refining, 


ging electrodes, and particularly, 
delays. We still lack 
experience with this equipment and find that numerous small 
ae lays d ) 


to be 


allowance they have made for 


occur; minor electrical and mechanical matters have 


attended to, as well as broken water pipes, broken 


carbons, ete. While this does not seriously affect our type of 
produc tion, the tume lost in a eyele time of 3 h 20 min might be 
considerable. Roof changing, and in particular relining, cause 
more serious delays. I would be interested to hear from the 
authors what sort of roof life and lining life they expect to get, 
and how often they expect to reline the furnace. The shell of 
our furnace can be removed and replaced by another shell 
with a lining on. We do not in fact do this, but I wonder if the 
authors considered it 

We are particularly interested in the serious problem of the 
hot spot by ne I understand that on GWB furn 
now an electrical device 


2 electrode 


aces there which corrects this 


peculiar arc factor and is reputed to improve this hot spot on 
Nearly 
trouble, and the bigger the furnace, the higher the power, the 
problem 


the lining all are furnace users in the UK have this 


worse is the I should like to know what practical 


experience there is of this device, and whether it could perhaps 
be incorporated in existing furnaces 
1 have mentioned the question of broken carbons, and I 


whether the authors have considered any 


special 


device for dealing with these. On a small furnace the handling 


of a 12-in. carbon is a relatively simple matter, but dealing 
with a 20-in 


carbon, particularly when broken quite early in 
the melt, embedded in scrap, and at high temperatures, can be 


very difficult, and clearing can take a long time. We are still 


experimenting with a more effective handling gear 


On electricity supplies, [ should like to make three points 


furnace 


Have sper 


ial design precautions been taken in the 
transformer, because both Samuel Fox and ourselves have had 


serious transformer breakdowns? I believe that there was 


serious trouble in this respect in one of the Continental furn- 
aces. When I discussed this with transformer manufacturers 
about a year ago, it was apparent that they still had much to 


learn about the switching surges to which these transformers 
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are subjected fairly frequently compared with normal grip 
transformers. The transformers in this project, of course, are 
more than twice as large as ours. 

I notice from Fig.3 of the paper that provision is made for 
possible reactors; why ‘possible’? We have capacitors on all our 
furnaces and run at a power factor of about 95°% overall as 
opposed to 80-82% without. We think that these are almost 
essential and pay for their capital cost within 12—14 months. 

Little has been said about electricity tariffs, but when using 
a large quantity of electricity, these are obviously of vital 
importance, and there are a lot of arc furnace users who are 
seriously concerned about the problem of getting a suitable 
so that it would be interesting and 
possibly helpful to the whole industry if we could be told 
something about this. 

There are two points I should like to make on raw materials 
What arrangements, apart from basket charging, 


tariff for are furnaces, 


have been 
made for mechanical charging, i.e. the alloys, the slag-making 


materials, and so on? Are there any floor chargers, overhead 
chargers, or fully mobile chargers, and, if so, how many? It 
would appear Fig.2 that 


difficulty in getting a 


from there might be considerable 


charger to serve several furnaces, 


because with the scrap basket in position on the stage there is 
very little clearance between the slag bucket and the trans 
former houses. 

substantial 


There appears to be provision made for 


drying equipment for alloys 


very 
Do the authors really consider 
this necessary for the types of steel they are going to produce? 
I feel there is still considerable doubt as to the value of drying 
alloys, even when making high-grade steels. I believe that 
Jethlehem are the only people who have produc ed figures to 
show that it is really of value. As it appears that the majority 
of hydrogen pickup in a furnace is during refining, under a 
reducing slag, | wonder why so much area has been laid aside 
for this drying equipment 

On fume extraction the authors have not come to any final 
was installed before the Clean Au 
Act became law, but we anti ipated it and decided to extract 


This 


method complicates the maintenance of ancillary gear not 


conclusions. Our furnace 


fumes through hoods over the furnace and the doors. 
above the roof, but within the hood, owing to high temperature 
concentration. 

However, we were doubtful about the alternative method of 
direct extraction from the furnace body, as in making high 
grade steels it is very desirable to maintain a positive pressure 
in the furnace and not draw damp air into it. If this were used 
it might require delicate automatic pressure regulating equip 
ment which would be difficult to maintain. 

Finally , L should like to ask whether anything is being done 
about noise. Even one furnace working on 18 kVA makes a 
great noise when it starts breaking down, and there is con 
siderable vibration. 1 can imagine what the noise might be 
40 kVA, and I wonder 
whether any thought has been given to the acousti 


with six furnaces breaking down at 


design 
of the building. 
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Vertical cross-section of ele: tric me lting plant 


Mr J. D. Wright (in reply): ° 


was the output The 


rhe first point raised | 


rate breakdown of the 3 h 
which we 
2h 


min. 


melting 
fettling, 


and 


1 h; 


charging (assuming one | 


refining, 20 We do not 
oxygen consumption of about.20 ft? 
that 15 
Any extra 
period; but 
alle 


tioned. 


min ton. I 
20 min blow at most ought to 
should be added to the chargir 
of that should melt |] 
is made for the minor delays that Mi 
There will be Ele: 


a 
time 
a turnace size 
wance 


some delays, of course 


ing will be off the furnace because of the difficulty in making 


reasonable joint on the itself. 
as mechanical 
3h 
e lining life will be. I t 
Thomas has more experience of this than we hav 
furnaces. We hope to achieve considerable mec 


furnace 


furnace There will 


trode changing, as well and ele« 


These are not included in the 20 min 


do not know what tl 


the 
brickwork, placing a mild steel tray at the bottor 


relining, e.g. by use 


ace and heaving the whole side 


tray 


wall in, 


and p 


cooling of the to give reasonable bricking ec 
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quite 
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fume extraction. 
fons 


1500 nigh 


7-6 dia stack 


ducting to 





stock fons 





Cc Top: Plan of fume extrac- 


tion. Bottom: Vertical 


section of fume extraction 


I have no figures, but a two-part tariff is being negotiated 
There will be a charge for maximum demand in megawatts, a 
unit charge with a coal variation clause, and presumably some 
sort of minimum power factor requirement. 

Turning to charging, we will have a floor charger and there 
will just be room for the charger to get through with the basket 
in the in-position. Normally the basket is not left in that posi- 
tion, but is left retracted if one does not want to pick it up ona 
crane. In addition, there will be reinforced sections of the stage 
where one can take the basket off the transfer car and put it 
down on the standing, which will ease the congestion; but it 
will be possible to get a floor charger through 

On the question of alloy drying, on what few alloy steels we 
Whether 
we take 
It is only necessary, of course, in the alloy 


do make, traditionally we have dried our alloys 

it does any good or not, I do not know; if it does, 
advantage of it. 
grades and high-manganese steels, which in big sections, at 


any rate, are susceptible to hairline cracking. However, 
vacuum casting obviates the need for alloy-drying facilities. 
On fume extraction T can add nothing to what has already 
been said; the situation just has not been finalized yet, and 
finally, as regards the noise, you will notice from Fig.1 that 


the melting shop office is right at the other side! 


Dr W. S. Walker Steel Works 


interesting to listen in two years’ 


found Oak 


Ltd): It 


thereabouts, 


will be 
time, or toa 
description of what has actually happened in the shop at 
Steel, Peech and Tozer, and to see all this planning coming to 
fruition. 


Like 


scale, in our cold metal shop at 


Steel, Peech and Tozer, though on a much smaller 


found Oak in 1957 we were 
faced with the problem of increasing our steel-melting capac 
ity, and both in the UK, 
abroad, and through the literature, we decided to put in large 


after quite intensive research, 
electric melting furnaces rather than extend the Siemens melt 
ing shop. The shop has already been described elsewhere.* 
Figure A shows a section through the shop, which was built 
on an old tip, a very awkward site; the existing building (an 
old melting shop) was used as a stripper bay and mould stock 
bay. A scrap bay with a lateral transfer bucket into the shop 


was built. We decided on furnaces set on the floor, and ar- 


* Tron Coal Trades Rev 


1960, 111, 917-924 
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fume extraction 


underground 
a FURNACE 





CASTING 


water cooled 


roof duct 














fume ducts 


ranged for slag disposal in a pit on one side of the furnace 
Probably the Steel, Peech 


better, but nothing else was possible in our case 


scheme is somewhat 
Figure B 
shows a plan of the shop with the scrap handling bay, the furn- 
ace bay, and the casting bay. 


and Tozer 


We decided to extract the fume through the roof (Fig.C). I 
believe that this is the best way, but we have by no means 
solved all our problems. We draw off the fume through a 30-in 
dia. hole in the roof and down into what amounts to a cooling 
box. Through this box the fume is taken by underground 


ducting via fans to an existing stack. When we have solved our 
various problems it is proposed to put in cleaning equipment: 


I do not know what sort of cleaning equipment we shall use, 


and I do not think anybody can say just what is the best type 


at the present time. 

There was one snag that we came up against. By putting 
water in the vertical downtake near the furnace to try to cool 
the exhaust dissociation This 
the duct. It is ne 
cessary therefore to cool the fume speedily and effectively, 
and we are now redesigning part of the cooling box to permit 
the use of larger quantities of water. 


gases, occurred. caused 


minor explosions in underground 


Figure D shows the fume extraction duct from the roof 
There is an elbow attached to the roof structure. To allow the 
roof to swing there is a gap between this and the horizontal 
water-cooled duct works admirably 


This system on single 


slag steels, but when working the furnace with a reducing slag 
to date we have had some difficulty. We have found that the 
manganese loss is higher when working the furnace with fume 
excraction than without fume extraction. 

Figure FE shows the extraction svstem from the underground 
duct, and we have put in simple slide valves to admit sufficient 
cold air to keep the fans at a satisfactory working temperature. 

The authors said that they are going to have two-bucket 
charging. We have found that with Midland serap this is not 
always possible, and in fact we have laid down a policy that 
the electric serap to 
Siemens shop, although this delays furnace operation. We also 
find that the use of a lot of turnings also delays the furnace 
considerably, if the turnings comprise over 50% of the weighed 


furnaces act as beneficiators of our 


charge. The turnings are sometimes covered in sulphonated 
oils and there is sulphur pick-up inside the furnace. Incident 
ally, when using turnings a lower ingot yield is obtained. 











f 


from roo 


We have 
think that 


averaged 530-540 kW /ton on certain heats 


the projected figures are quite reasonable. We have 


actually had a 70-ton heat out in 501 


but again, with 
very poor these reach 630 and 


H50 kW 


the furnaces quite correc tly on some of these harges, but this 


scrap, consumpti ms may 


ton. Ido not think that we have vet learned to operate 
should improve with practice 


On the question of hot spots I believe that the system that 
a dummy arin alongside 
Electrically 


sound, but there are certain disadvantages in that one has 


the authors are adopting is to have 


no.2 electrode to balance out the reactance this is 
thin 
insulation carrying the full furnace voltage at hig 
cause trouble. We are 


ducing into this circuit a reactance cf a ty pe with a choke and 


tempera 
tures, and this may thinking of intro 
a floating core, 

One of the things that we have come up against in handling 
our poor scrap is lumps of concrete and non-conductors 
generally, and this gives rise to electrode breakages. We have 
certain ideas how to overcome this other than by better scrap 
selection. 

On oxygen blowing. I would agree with the figures that the 


authors have quoted, but we have had some quite successful 


experiments with oxygen—steam mixtures, and I think that is 


something which is worth bearing in mind 


Mr T. H. Harris (Round Oak Steel Works Ltd Mr Thomas 
mentioned the problem of removing broken electrodes from 
the furnace. We use patent tongs which are held open by a 
eatch device and released when brought into contact with the 
electrode. We find them very effective 

This most interesting paper raises in my mind a number of 
questions and I think I can do no better than list them 

1. If the furnaces were going into a new building would they 
have been put at ground level or on a stage? At Round Oak the 
furnaces were installed at ground level for reasons of economy 
but we do lose some storage space. This is not as much as 
might appear, as a considerable amount of equipment has to be 
accommodated underneath the stage. 

2. Is 


materials by road? In the Midland area we receive over 60°,, of 


there any provision for receiving scrap and raw 


our scrap supplies by road and this appears to be a growing 
trend. 


3. Is 


handling the slag at the lower level? We use 10-ton slag bowls 


any special mechanical equipment envisaged for 
which are positioned in slag holes fitted with removable cover 
plates. The bowls are lifted by the 75-ton charging crane and 
placed in carriages for tipping. With poorer grades of scrap 


and the consequent increase in slag volume carried, time is 
sometimes lost by slag bowl changes being necessary during a 
Any 
would be an advantage. 

4. Why nine basket filling stations? We 
magnet crane can easily load at 40 to 50 tons per hour and one 
should be 


By reducing the number of magnet cranes and filling 


heat. means of dealing with the slag at the lower level 


find that a 15-ton 


erane and one basket furnace 


tilling station per 
sufficient 
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from under jyround 


stations te about £50000 would be ipital cost 


PH 000 LH 000 per year in crane driv 


and ighmen 
wages 


5. Why 


the most efficient way 


a 24-ft shell for 110 tons? It is generally agreed that 


furnace is to over 
full 
mc'T ip 


id to 


of working an electric 
full of that 
advantage can be taken of high voltages; 40 of the 

will be fairly 


charge it and to get the furnace scrap 8O 


supply heavy and undercharging might le 
wall wear 


fact 


excessive side wall wear. On the question of icle 


one hot spot has been mentioned but there are. in two 


and we find panels of electro-cast blocks are essential in these 


areas to reduce localized erosion 1 © aid in w rec king a lining, 


steel strips are built in at the back of the lining. These are not 


always fully effective as, with a lining of metal cased bricks 
the strips sometimes pull out before the wall is broken down 

\ further question (rather outside the scope of the paper) 1s, 
the 


slewing, 


the 


why use German furnaces when the main features of 


design, e.g American bridge principle of roof 


rotating hearth, and hydraulic controls are available in 


UK? 


Mr J. D. Wright: As regards bucket chargin 


but possibly if we get a lot of light 


we hope to get 


away with two charges, 


scrap, we may have to go to three buckets, and that will 


lengthen the melting time 

With regard to the four electrode arms, I cannot go into this 
matter very deeply, but LI believe that the system is to use 
water-cooled cables with them 

On the question of poor conductivity serap, lum of con 
lime, the furnaces are fitted 


crete and loc al aggregations of 


with body r« We can alter the position where the ele 


We hope that this v ope 


tation 


trodes strike the « harge with the 


problem of the poor conductivity charge, v sa very real 
one 

building 
I should 


a stage, 


In reply to the question about whether 


thé new 

we would put the furnaces on ground level or a stage, 

furnaces on 
one would have to put a great deal on the roof 

| I think that it 

! 


shop, which 
to keep the furnaces at floor level 


have thought that if one were to put the 


work of the 


might add to the expense would 


be better. if pos ible, 


As to the reception of scrap by road, it mav well be that we 


shall receive a large amount of scrap by road, and in fact we do 


receive some by road now. Possibly the amounts will go up 


considerably. but we are |} oping to cope with the rece ption of 


a large proportion of our scrap by road transport 


Slag handling has not vet been finalized. One scheme is 
use road transport to rem ve the slag 
The diagram shows nine basket transfers, but 


decided on 


standing positions on the stage itself 


finally seven basket transfers, with 
On the question of a 24-ft dia. shell for a 110-ton tapping, I 
furnace 110 tons 


I should have thought that a 


entirely agree that it is a large 
With 


shallow bath was a very 


on all the 


for tapping 
single slag steelmaking 
useful thing to have | 
refining in the single slag stage being 

metal contact, and it speeds up the refining 


One way of increasing a shop's output ratio as 
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putting in electric furnaces is to charge more in the existing 
furnaces. 

The two hot spots are associated with the leading and 
lagging phases in the electrodes. It is quite possible that we 
may have to use fused chrome—magnesite bricks. 

With regard to furnace design and hydraulics v. electrics, 
this was all considered extremely carefully when our decision 
was made at the time. 


Monsieur L. G. Husson (IRSID): If I clearly understood the 
meaning of the transformation carried out by United Steels, 
the replacement of their OH furnaces in Sheffield with electric 
are furnaces was mainly justified by the wish to supply these 
furnaces entirely solid or 
liquid iron input, in order to keep all the iron available for 
their plant at Appleby-Frodingham. 


with scrap, to the exclusion of any 


A « omple te study of the problem has led them to the con 
clusion that, in this special case, the suggested formula gave 
the lowest cost for both plants 


making special steels has also reported, in recent years, an 


In France, a large steelplant 


advantage 
for old OH furnaces. 
1 do not intend to discuss these conclusions based on very 
I should 
[RSID 


unwise to 


economu in substituting big electric-are furnaces 


long studies, since I do not know all the factors. Bu 
like to point out, however, that from the experience 
has gained during recent years, it would seem 
generalize on them 

First 


mater ials, it 18 


of all, from the point of view of the choice of raw 
still commonly admitted that the electric-are 
furnace, in spite of its flexibility, does not lend itself as well 
as the OH furnace to the refining of high proportions of iron. 
OH 


charged exclusively with scrap and coal or coke. However, I 


Sut, conversely, the furnace is considered unable to be 
applied this formula myself a quarter of a century ago and the 


difficulties encountered at that time have since nearly disap- 
peared. The reason for this is that the melting power of the 
present furnaces has been greatly increased. 

In fact, I recently visited a Belgian steelplant which uses in 
its OH furnaces, at least for the refining of mild steels, only 
scrap, coal, and manganese ore. A given proportion of silica 
required for the formation of slag is supplied by silicon sheet 
scrap, Which could be occasionally replaced with a little ferro- 
silicon, 

As for 
data obtained from the work carried out by the International 
Flame Research 


thermal efficiency, the practical application of the 


Foundation at IJmuiden has allowed us to 
improve it considerably in the case of furnaces operating with 
solid input 


rhis is, as you know, the common practice in 


France. We consider now that, even without using oxygen, a 
well-built and well-operated furnace supplied with an entirely 
of 20 tons/100 ft®, fed with 1500000 Btu/h and 
per 10 ft® of hearth area and with a momentum to the burner 
of 1-1 Ib/10" 


per 100 ft® of hearth area. These figures are from tap-to-tap 


solid charge 
Btu h, can easily produce 6250 lb of steel/h and 
with fettling time included and without excessive lining wear. 
All this is essentially a matter of draught and of power of the 
air-blowing fans 


In these circumstances, fuel consumption must not exceed 


4500000 Btu/ton, even for small 40—70-ton furnaces. This con- 


sumption can decrease below these figures for larger furnaces 
* those for 


which the rate would be increased by using 


oxygen. The decrease can be made more significant when there 


is an important liquid input 


This corresponds to a total calorific yield of about 35° 
h 


which is able to reach at least ope 
th 


that these results will be again improved in the near future 


45°, during melting. We 


owing to a better design of the regenerators, a question which 
is of great interest to steelmakers in the UK (I think especially 
to the checker-works of Shotton with horizontal chimneys), in 
the USA, and in France. 

Of course, 1 do not claim at all that this ensures, in every 
case, an economic advantage for the OH furnace over the 
elec tric-are furnace, but I should like to Say that the com- 
parison must be established from such data. 
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Mr T. Dennison (Guest Keen Iron and Steel Co. Ltd): I wonder 
whether the authors could tell us why they have decided to put 
new electric-are furnaces in a building designed and used for 
OH practice. I am sure that there must be very compelling 
reasons for their furnace layout. I would appreciate even a 
rough indication of how the capital cost of the proposed 
development would compare with the expenditure on a similar 
installation on a green-field site; and secondly, would they care 
to express an opinion on how far they have had to sacrifice 
ideal layout to take best advantage of existing buildings and 
facilities? 


Mr Wright: I cannot give the relative cost of the present 
scheme compared with what it would cost on a green-field 
site. Apart from the cost saving of putting the electric-ar 
furnaces in an existing building, the present shop is in the 
optimum position for feeding ingots to the cogging mill. The 
question of a green-field site was gone into in the early stages 


of the scheme. 


Dr J. H. Chesters (The United Steel Companies Ltd): Any 
refractory manufacturer present here today must have been 
Table I of the paper, 
20-5 lb of 
material resulting from the change to ar¢ 


somewhat alarmed by 


and in 
particular by the drop from 82-7 to refractory 
furnaces from OH 
furnaces. The amount of basic material required is relatively 
constant, but the silica has dropped from 44-8 to 10-0 lb/ton 
and the firebrick from 24-6 lb to nil. In yesterday's discussions 
reference was made to the short life obtained on LD or Kaldo 
converters. It is true that these wear out in two or three days 
compared with several months for an OH furnace but it is 
equally true that their consumption of refractories is from the 


standpoint of the brickmaker 


shockingly low 
These radical changes in demand for refractories led me to 
do some crystal gazing and I would like to hand on the results 


for what they are worth. Taking 1957 as a relatively stable 


year, we find that OH furnaces produced 90°, of the steel in 
the UK, the other 10°, being equally divided between pneu 
1967, it 
would not be surprising if the proportions had changed to 
60%, OH, 30°, pneumatic, and 10°, electric. Of the 60°, OH, 


two-thirds might be made in existing furnaces and the other 


matic and electric 


processes. Looking ahead to, say, 


one-third in special furnaces, such as the Ajax. 

Knowing the approximate consumption of refractories for 
these different processes, and assuming an increase in produc 
tion from 22 to 30 m. tons, I have tried to calculate the 
probable changes in demand for refractories used in the actual 
steelmaking processes as distinct from ironmaking, casting 
pit, and reheating furnaces. The answers suggest that whereas 
basic brick demand for steelmaking may increase by as much 
as 65°,, that for silica and fireclay for the same purpose may 
as much as 30°. I would stress once again that these 
and steelworks the bulk of 
refractories are not used in the OH furnace 


are steelmaking figures and in iron 


fireclay Even so 


the results are sufficiently dramatic to warrant closer con- 


sideration, indicating as they do a substantial change in the 


amounts of refractories likely to be required. 


Mr M. D. J. Brisby (W. 8S. Atkins and Partners): I think that 
the capital cost of an OH shop developed on a green-field site 
I would 


new electric-are 


is in the region of £13 to £16 per annual ton of ingot 
suggest that the capital cost of a completely 
shop is £8 to £10 per annual ton of product and that an LD 
shop could be built for about the same cost. It must be remem- 
bered in estimating the capital cost of a melt ing shop, that the 
level of productivity is all important. In a well-designed shop, 
the additional capital cost involved in producing greater ton 
nage is frequently quite small. 

we have heard of the Steel, Peech and Tozer 


shop where they are making use of existing structures and 


From what 
services | would suggest that the capital cost might be some- 
thing less than £8 per annual ingot ton. 


Mr A. Jackson (in reply): 
good OH furnace could compete favourably with a good elec 


Monsieur Husson’s point is that a 


tric furnace. We have considered that point. If the pig iron 





in the electric furnace is increased from 100°,, s rap, the 


ingot cost rises and quickly reaches th 


charged OH furnace, ¢ pecial v if the 


] 
| 
ours. If we had used the traditional OH mixture 


ron 1s 


osed electric furnaces, the financial return would 


been fficrent to service the capital cost of the char 


Mr Wright: As regards Mr Thomas’s comments on output rate 
I should add that we hope to achieve 3h 201 
average 4 h we shall get the projected shop tonnage mak teel at Templeborough wa isct in @ paper at 
As regards the fourth electrode, we have evidence that i nand Steel Institute exactly a und at that 
doves diminish one hot spot, but obviously the other j tin ate Mr E. F. Saniter was one of the very few people 
present, that ie problem of non-uniform lining atte 10 supported the possibility f making low-sulphur and 
olved phosp lin the UK with electric furnaces. It is very 
interesting that these proposals were discussed long ago whet 
Dr Walker: The Round Oak shop cost : ; ra Li very few people knew what electric furnaces would do in the 
in capital re. That paper was based on the experience of a Frenc! 
Paul Héroult, and now virtually every maker of 
Mr D. F. Campbell: Much has been said about * economics ices throughout the world is using the combination 
t t the technical details of the plant i I »f th i electrodes and a solid hearth put forward | 
iat these will follow } yreat but little-known French engineer. This was de 
One question that has always been worrving electric furnace eribed paper as be of several alternative 
pperators in thre UK has been the alist ic price of ap. Of turnac rns ais now univers: \ wecepted 
course, that has largely been in the hands of the Lron and Steel One other t ip be borne in mind is that in the UK 
Federa n, and at one time in the UK it wa ‘ half the r ave to deal with most difficult sites and very cor 
price of scrap at LJmuiden, which seems quite cri plex traffic | lems. At Templeborou 


mthe site 18 narrow, 


prices have influenced steel makers very much in adopting it} i tive! yn one side and a main trunk road on the 
electric turnaces in the past. In this particular case, The Unit , at <head the furnaces are in the middle of Glasgow 
Steel Companies have very cleverly arranged things so that it ar t ther tric furnace hops are i on steelworl 
will be purely a matter of internal bookkeey whi } mops at the Round Oak and Bryn 
Is going to cost when it gets t LTempleboror i mseq ly, \ eult. fror nm ¢ I ! 
they are independent of the scrap market, which 
much easier to work the 8 of the scheme 
1 think that this installat 
the strategic point of view Tt lmmense vaiue t 
the country a works where one Ca MiahKe All 
steel. It should not be forgotten that in the past 
furnace saved the situation when war conditio t ! 0 be hoped tl 
supplies of steel from Sweden. I ar ifraid it was 1 is paper giving 1 inf 


istrous for the importer f Swedish Bessemer ' remarkable project 





Abstract and Book Title Index Card Service 


In order to make abstracts availabl 
indexing than the printed Abstracts section of the Journa 
inaugurated an Abstract and Book Title Index Card Serv 
During the vear the number of abstracts printed increase 
The service consists of pre-publi 
Din 3 in. library cards with | 

s cards have been received fror 

ll grow with 

worked out Ipi y sul cribers taking 
list of references. Subscribers receive cards 
order of authors’ names 
Full particulars and details of sub 


Secretary. 
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Sir Charles Bruce-Gardner, Bt. 


Sir Charles Bruce-Gardner, Bt., Past-President of The Tron and Steel Institute, 
died at his home in Berkshire on 1 October. Sir Charles was born in London and 
educated at St Dunstan’s College and at Battersea Technical College, afterwards 
SETUUNnG his mechanical ¢ ngineering appre ntlice ship at the We stinghouse ( ‘ompan ys 
works at Trafford Park, Manchester. On completion of his appre nticeship, Sir 
Charles joined John Summers and Sons, Shotton, as assistant to the steelworks 
manager and rolling mill manager, afte rwards succee ding to the position, Later he 
became assistant works manager and then works manager, and was elected to the 
board in 1913. 

From 1929 to 1930 Sir Charles was chairman of the Iron and Steel Industrial 
Research Council and a member of the advisory committee of the department of 
Overseas Trade. In 1930 he joined the Bank of England to become industrial 
adviser to the qovernors, and was also appointe d managing director of the Bankers’ 
Industrial Development ¢ ‘ompany Ltd, and of The Securities Management Trust 
Ltd, the Bank of England company. In 1936 and 1937 he was chairman of the 
Iron and Steel Erchange. 

In December 1937, at the request of the Government, Sir Charles left the Bank of 
England to assist in the Government's air re-armament programme, and was 
appointed inde pendent chairman of the Society of British Aire raft Constructors. 
During the.Second World War he served on many Government Committees and in 
a number of executive positions. 

Towards the end of the war Sir Charles was appointed by the President of the 
Board of Trade to the position of Chief Executive for Industrial Reconversion, to 
deal with the industrial problems arising from the changeover from war to peacetime 
conditions. At the completion of this work he returned to the steel industry. He 
became chairman of John Lysaghts, and was also a director of the Steel ¢ ‘ompany 
of Wales Ltd. 

Sir Charles joined The Iron and Steel Institute in 1910 and was elected a 
Vember of Council in 1950. He was President in 1955-56 

Sir Charles leaves a widow. two sons. and a daughter. His elder son, Douglas 


Bruce-Gardner, has succeeded to the baronetcy. 


Address by Mr Richard F. Summers at the Memorial 
Service to Sir Charles Bruce-Gardner, All Saints Church, 
Langham Place, London, on 19 October 1960 


We have come here to this Church this morning to pay tribute to the memory 
of Sir Charles Bruce-Gardner. Many of us have come as close personal friends, 
others as admirers of a successful man of commerce who had occupied with 
distinction many tmportant posts. 

I was naturally very touched when [ was asked by his family if I would say 
a few words about him today. In accepting [ did so with some trepidation lest 
I might fail to do full justice to the occasion. I like to think that I had been 
asked because I had known Sir Charles (‘Bruce’ as he always was to me) for 
more than 50 years, and because he had been so intimately connected with my 
family and our Company. 

I first remember him when I was a small boy and he came to work for John 
Summers and Sons; that would have been, I think, in 1907. He very quickly 
made a name for himself, and in spite of the disparity in their ages a firm and 
lasting friendship grew up between him and my father, who held him in the 
highest regard, and I know that Bruce always felt that my father played an 
important part in starting him off on his successful career. He stayed with us 
until 1930, when at the request of the then Governor of the Bank of England he 
went to be his industrial adviser, at a time when industry was in the throes of 
one of the greatest depressions in history and the Bank was anxious to lend a 
helping hand. 

In the late thirties, when the clouds of war were gathering fast and the 
weakness of our air defences was at last fully realized, Sir Charles was called in 
to take a hand in speeding up aircraft production. When war broke out he 
placed himself and his very considerable technical and industrial experience 
unreservedly at the disposal of the Government, and his services were used in 


many vital spheres. It is fitting that these services receivedetheir just reward. 


December 1960 
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Letter to the Editor 


Thermal and magnetic analysis of an Fe-Ni 


IN THE an electron beam of a 


length was used to heat a test-piece, for diffraction analysis of 


PRESENT STUDY, certain wave 
its erystal structure, and for magnetic analysis using the 
Lorentz effect. 

Invar powder (35 at-°,Ni) was used as a specimen for the 


experiment. The particles in the specimen (grain size about 
1000 A) were held to the sharp edge of a razor blade acting as 
permanent magnet (remanence about 10000 G). In this way 
the Invar particles were kept in the saturation induction 
(15000 G'). An electron beam (0-1 mm cross-section, 0-05 mA 
current, and 0-:0299 A wavelength) grazed these magnetized 
particles to produce their diffraction pattern. In this case, not 
only should the path of the electrons become deflected by the 
magnetic field of the specimen,? but also the temperature of 
the specimen should be raised through bombardment by the 
fast electrons. 

To investigate the relationship between the temperature and 
magnetic induction of the specimen, the following process of 
double exposure was carried out. 

First, the diffraction diagram produced from the specimen 
when kept as cold as possible, i.e. nearly at room temperature 
(about 25°C) was photographed. To do this, great care had to 
be taken to avoid preheating the specimen by the incident 
electron beam. The exposure needed for the photograph was 
only 4s.* 





* It has already been reported that this temperature remains 


at about 40°C, because a crystalline diffraction pattern was 
observed of the solid paraffin (melting point: 45—50°C) under the 
same conditions as for the cold specimen in the present experi 
ment (cf. S. Yamaguchi: Z. angew. Physik, 1956, 8, 221-222). 


00-0209 A 


$95 mm 


Wavelength 
Camera kk 

A Douhbl 
and the spe 


Lorentz effect 


diagram « 


hot 


masisting of diffraction rings from the cold 


> 
amen Ring eccentricity occurs owing to the 
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alloy by an electron beam technique 


Second, the diffraction diagram produced from the specimen 
when preheated by continuous bombardment with the incident 
electrons for 2 min was superimposed upon that of the former 
cold specimen, During this process, the position of the speci 
men and that of the photographic plate relative to the incident 
beam, and the intensity and wavelength of the incident elec 
trons were all kept constant. The double diagram thus ob 
tained is shown in Fig.A. It should be noticed that the cold 
and the hot specimen are eccentric, which means that the mag- 
netic state of the former specimen differs from that of the 
latter. Figure A shows a typical pattern characteristic of the 
face-centred cubic lattice, i.e. of the austenite (lattice constant 
3-52 A). This verifies crystallographically that the present 
specimen is a solid Fe—Ni solution. 

The eccentricity 4Z of the rings which can be measured in 
Fig.A readily gives the difference 4B between the 
induction of the cold and hot specimens It is 


magnetic 


where e is the electron charge (1-6 « 10~-*° emu (egs) ), Z is the 
camera length (495 mm), h is Planck’s constant (6-6 « 10-27 
erg/s), A the wavelength of the applied electrons (0-0299 A), 
and I the effective range of the magnetic field. From Fig.A 
4Z=0-4 mm and therefore 4B ~ 4000 G from equation (1), if 
lis assumed to be about 3 uv. This 4B value is about equal to 
the the of Invar 
(15000 G) and the remanence at the razor edge (10000 G). 


difference between saturation induction 
This means that the temperature of the hot specimen has 
exceeded the Curie point of Invar (about 250°C),* so that it has 
become paramagnetic. In fact, it was observed that some of 
the Invar particles attracted at the razor edze fell off under the 
force of gravity when they had been irradiated sufficiently by 
the electron beam. 

In Fig.A some weak rings characteristic of the ferromag 
netic inclusion (Fe,O,) of the higher Curie point (575°C)! can 
be seen. This oxide caused the particles of the Invar specimen 
to remain attracted at the razor edge even after the Curie 
of Invar had been exceeded. This implies that the 
temperature of the hot specimen remained below 575°C. Here 


point 


the existence of the Fe,O, inclusion in the specimen was veri 
fiedtrystallographically by diffraction. Thus it was possible to 
estimate the Curie point of an Fe-Ni alloy, e.g. that of Invar 


S. YAMAGUCHI 
The Institute of Physical and Chemical Research 
31 Kamifuji (Hongo), 


Tokyo, 


Japan. 
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THE IRON AND STEEL 
INSTITUTE 


Elections to Council 


The following elections were announced afte 
the meeting of Council on 22 October 


Member of Council 


Mr N. C. Lake (Member), deputy managing 
director, Head Wrightson and Co. Ltd 
Honorary Members of Council 

Dr N. P. Allen, M.MET., F.R.S. (superintendent, 
Metallurgy Division, National Physical Labor 
atory) and Dr W. O. Alexander (assistant 
research manager, Metals Division, IC1) now 
represent The Institution of Metallurgists on 
the Council in place of Mr E. J. Bradbury and 
Mr W. E. Bardgett. Dr Allen already serves on 
the Council as an Additional Honorary 
Member. 


Special meeting in USA 
October — November 1961 


The Council hope shortly to be able to an 
nounce full details of the programme for the 
Institute’s Special Meeting in the USA and 
Canada next year. An outline of the itinerary 
was given in the September ‘News’ (p.91). As 
previously announced, the Council has 
accepted with pleasure an invitation from the 
Metallurgical Society of the American Insti- 
tute of Mining, Metallurgical and Petroleum 
Engineers (AIME) to visit the USA in the 
autumn of 1961. 

Che provisional programme provides for an 
ofticial welcome in New York City on Thursday, 
19 October, but it is anticipated that some 
members will arrive a day or two earlier. 

Members will be able to travel to and from 
the USA by normal sea and air routes, but in 
addition aircraft will probably be chartered for 
Atlantic crossings at substantially reduced 
cost. Provisional dates for these crossings are: 
to New York, Wednesday, 18 October; from 
New York, Wednesday, 8 November 1961. 

Fullinformation and quotations of costs will 
be circulated in the spring of 1961 


NEWS OF MEMBERS 


Mr J. L. M. Bevan has joined The Llanelly 
Steel Co. (1907) Ltd. 

Mr M. W. Butler has been appointed tech 
nical sales representative with Atlas Steels 
(England) Ltd. 

Mr H. Darnell has been appointed a director 
and general works manager of Steel, Peech 
and Tozer. 

Mr A. C. Dennis has been appointed to the 
board of Osborn Foundry and Engineering Co. 
Ltd. 

Mr J. T. W. Dewar has been appointed 
chairman of Shepeote Lane Rolling Mills Ltd. 

Mr W. K. V. Gale has joined the staff of The 
Engineer. 

Mr G. E. D. Halahan has been appointed a 
director and general works manager of Round 
Oak Steel Works Ltd. 

Mr A. A. Hinchliffe is now a graduat« 
apprentice production-me tallurgist with Rolls 
Royce Ltd, Aero Engine Division. 

Mr C. E. Holmstrom, 3.r., has retired from 
the board of Shepcote Lane 
and Firth-Vickers Stainless Steels Ltd 

Mr P. M. Kelly has been appointed lecture: 


in metallurgy at Leeds University. 


Mr A. K. Kirk has been elected a Sheriff of the 


City of London 


NEWS 


tolling Mills Ltd, 


Mr F. A. Kirk has beer 
board of the Titanic Steel Compar 
Mr Z. 8. Kopezynski is now 
grothers Ltd, Winterthur ‘ 
Mr N. D. Macdonald has been 
general works manager of the 
Iron and Steel Company 
Mr Q. C. McMillan has been appointed a 
director of the Clyde Alloy Steel Company 
Mr A, Pearson has been appointed a director 
of the Clyde Alloy Steel Company 
Monsieur P,. Rousseau is now 


Chambre Syndicale de la Sidérurgie Francaise 


appoint 


Switzer 


with the 


in Paris. 
Mr P, J. Rowling is now @ senior n 
lurgist with the Ford Motor Company Ltd 
Mr J. Williams has been appointed a local 
director of Samuel Osborn and Co. Ltd. 


etal 


Obituary 

D. Luther Phillips (elected 1933), 
in October. 

F. E. C. Probyn (elected 1954 
on 15 October. 

Richard Sharp (elected 1935), 
on 17 September 

Vincent E. Upton (elected 


chester, on 10 October. 


VEREIN DEUTSCHER 
EISENHUTTENLEUTE 


Presentation of The Medal of The Iron 
and Steel Institute 

To mark the centenary of the Verein deutscher 
Eisenhiittenleute, the Council of The Lron and 
Steel Institute presented the Verein with The 
Iron and Steel Institute Medal. The presenta 
tion was made by the President of the Insti 
tute, Mr W. F. Cartwright, p.L., J.P., at a 
Disseldorf on 3 November 4 
report of the presentation will be given in an 
early issue of the Journal 


SOCIETE FRANCAISE DE 
METALLURGIE 
Presentations 


At the recent 
d’Automne in Paris the following presentations 


ot Swansea, 
f Ebbw Vale 
of Nottingham, 


1948), of Man 


meeting in 


Journées Metallurgiques 

were made 

Grande Medaille H. Le 
Mare Allard (Member) 

Medaille Réaumur Dr 
(Member) 

Prix Rist: Monsieur André Constant (Member 
and Monsieur Jacques Boghen. 


INSTITUTE OF WELDING 


Conference on welding standardization 

The first of these conferences will be held at the 
Institute of Welding, 54 Princes Gate, London 
SW7, on 7 December 1960. The theme will be 
the role of welding standardization in produc 

tion and export, and the principal subjects for 
discussion will be spec 


Chatelier: Monsieur 


Walter 


Siegfried 


ifications for steels, and 
standards for welded structure. The conferences 
is open only to individual e 
of the 
corporate members 


rporate members 


Institute and nominees of industrial 


School of Weiding Technology courses 

Courses at the School for the remainder of the 

session November 1960-March 1961 include 

D.15/2 Brazing: technology and 16-20 Jan. 
design 


Journal of The Iron 


Announcements and News of Science and Industry 


Non-des 
examinat 
Welding of atomic en vy 27 Feb 


plant ° Mar 
Advanced cor RAT) 


welding « 


Var 
1.4/2 Resistance 
nology 

Full details of Ese ourses are available 
from the secretary of the Institute of Welding 


BRITISH WELDING 
RESEARCH ASSOCIATION 
UK welding experts visit USSR 


Four seni British 
Welding Research Association recently visited 
the USSR. They were Dr R. Weck, Mr H. F 
rremlett, Dr A. A. Wells, and Mr P. T. Houl 
croft. While in Moscow they Iding 
exhibition, and they were particularly inter 
ested in the f cold pressure welding 


especially of dissimilar metals), friction weld- 


0 Mar 


rmembers of the staff of the 


attended a we 
exhibits 


ing, and diffusion welding 

The party felt that there is in the USSR a 
clearer realization of the key roles played by 
welding in all industries than exists in the UK. 
Research effort is on a much greater scale, but 
taking account of the difference in the popula- 
tions of the two countries the UK effort stands 
comparison. In the USSR the work is generally 
of the highest quality although the emphasis is 
placed to a greater extent on problems arising 
in the application of new processes than on 
fundamental work undertaken for the sake of 
increasing knowledges 


INSTITUTION OF 
ELECTRICAL ENGINEERS 


Faraday Lectures, 1960-61 


The Institution of Electrical Engineers has 
announced that The Faraday Lectures for 
1960-61 will be given by Mr L. J 
C.B.E., M.A., B.S M.1.e.e., director in charge 
of research and education, Associated Elec 
trical Industries (Rugby) Ltd. The title of the 
lecture is “Transistors and all that’, 
be delivered at the following centres 
Swansea, Manchester, 
London, Birmingham, 
and Newcastle. 
Admission is free by 
ary secretary of the 
in which the 


Davies, 


and it will 
Bristol, 
Portsmouth, 
Leicester, Edinburgh, 


Leeds, 


honor- 
Institution 
Names and 
addresses of honorary secretaries, and dates of 


ticket from the 
branch of the 
lecture is delivered 


the lecture are available from the secretary of 
the Institution of Electrical Engineers, 
Place, London WC2 


EDUCATION 


Coke and coal scholarships 


University scholarship schemes for 1961 have 
ed by the sh Cok 


SAVOY 


been annourn 
try Association and the 

The object « 
andidate 
chemical ring <« fuel 
followed 


graduate pre 


ing Indus 
mal Coal Board 
f the me is to provide 
suitable versity cour 
technc 
ryanized 
quip them 
re sponsible » 101 n e coking industr 
particularly 
otf the sche ailabie from the Secretary 
British Industry 


Grosvenm ‘ London W1 


management. Full details 


Association, 74 
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Boare 


eadquarter 
weastle 


Ducdle 


Research fellowships in metallurgy 


Graduates wi esearch experience in 
lurgy, soli tate physics, or physical 
stry who desire an opportunity to de 


lurgical res n a subject of their 
are ited to apply for the following se , 
in the Department 


of the University of Sheffield 


research fellowships tenable 


of Metallurgy, 


J. H. Andrew Re 
C.H. De 
The Ur 
Fellowsh 


search Fellowship 
sch Research Fellowshi; 


ted Steel Con panies Research 


These fellowships have been made possibl 


by the Fellows will have 
choice f research topic, though it i 
them will take a special 

in the application of modern physical 
techniques to problems. The 
£1000 pa but 
be paid to a successful 


generosity of industry 


that one of l 
metallurgical 
starting salary will normally be 
a higher 
candidate with outstanding qualifications and 
Normal tenure will be five years 
but the appointment will be for two years in 
the first instance and thereafter will be renew 
able annually. There will be annual increments 
of £50 pa and provision will be made for super 
annuation under the F.S.S.1 

Applications 


names and addresses of referees, 


salary may 


experience 


including the 
should reach 


(three copies) 


the Registrar (from whom further particulars 
obtained) 
Shettield 1 


ean be as soon as possible, at St 


George's Square, 


Recruiting metallurgists 


An attractive two-colour leaflet aumed at giv- 
ing ‘some indication of what metallurgy is in 
the context of science and industry today, and 
of what metallurgists do’ has recently been 
issued by The Metallurgists to 
schools with sixth forms, and youth employ 

ment officers throughout the country. It puts 
briefly for a career in metallurgy, 
pointing to the importance of 
metals (‘the average amount of metal used per 
head of the population of a country is a reliable 
guide to its state of civilization and develop- 
ment’ metallur 

search to 


Institution of 


the case 
contemporary 


and describes openings for 
pure re 


uranium or making steel. The leafiet ends with 


gists, ranging from mining 
a short list of suggested further reading 

Che Institution of Metallurgists, 4 Grosven- 
or Gardens, London SW 1, is interested to hear 
oncerned with careers guidance 
ould help to bring 


the leaflet to t ' ition of pote 


from anyone 
or \ ith en lo rent who ¢ 
ntial young 


metallurgists 


Historic books on mining and kindred 
subjects 


h the f the 


good office president and 

tute of Mining and Metal 

on of rare and historic books 

Annan xhibited 
\use . i Kensiz 
31 Deeer 


‘ n 


obert is being ¢ 


rt 
10.0 a 


6.0 pr 
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Miss M. Odgers . 34 


arch «assistant, GKN 


Grout iverhamptor 


1944 she 

Metrop 

ell Carriage and 

Way " Company in 
Wednesbury, then in 
1945 she was 


stant chen 


was 


itan 


appointed 
“a ist at 
Bilston works of Joseph Sankey and Sons 
She transferred to her present post in the 

etallurgy section of the GRN Group 
n Wolverhampton in 1948 


research nm 
Laboratory 
K. A. Salmon, ur" Weldiu metal 
l nglish Electric 

Dr Salmon attended 
the County Grammar 
School for Boys, at 


before en 


Ltd, Whetstone 


lurgist 


rincham, 
the metallurgy 
department of Sheffield 
i ch 
he graduated in 1955 
I le ‘ ot 


the 


rsityv, tror 


following vear he was 
awarded his M.MET. for 
puri 


fication pig iron by 


research into the 
electrolysis, and he received his doctorate in 
1959 for the thesis which forms this pre 
paper 


sent 


J. F. Sewell, w.sc., F.t.m 
ist, Sarmuel Fox and Co. Ltd, 
James Fowler Sewell 
born at Horwich, 
Lanes., and after grad 


Liaison metallurg 
Shetheld 


was 


uating with honours in 
metallurgy at Manches 
ter University, under 
went a two-year ap 
prenticeship with The 
United Steel Compan 
ies Ltd. During this 
period he was granted 
an M.s¢ degree for a 
thesis dealing with the 
production of railway 
tyres 
with United Steels has been with Samuel Fox 

Ltd, the alloy-steel branch where he 
has worked in production, technical, and sales 
departments. On two 
seconded to 


Most of his subsequent 25-vears’ service 
and Co 


been 
Government Departments In 
1942 he became chief metallurgist for three 
vears to the Distington Hematite Lron Com 
pany at Workington, an alloy-steel producing 
unit of the Ministry of Supply, and in 1951 he 
went to Washington, USA, for 12 months as 
adviser on steel alloys to the Ministry of 
Materials delegation to the International 
Materials Conference. He returned to the UK 
to spend several months with the Alloy Steel 
Control before rejoining Samuel Fox and Co. 
Ltd. 


oceasions he has 


ch investi 


Depart 


R. F. Johnson, b.sc., .1 
gator, fesearch and 
ment, The United 
Steel Companies Ltd, 
totherhan 
Born in Manchester, 
Mr Johnson was edu 
asat Manchester 
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Second sinter plant at Workington 


plant 
operation 

shown the advantag 
as additional quantities ar 
» build the 


is particularly suitable 

elmaking process 

supplied iu 

ms finely 

i sintering 

echnique ompany dy ust 
150000 tons of these concentrates cact 
will be 

w plant is in operation 

ut 60 of the 


inereased to 400000 tons 
Chis represen 


raw material intake 


Increased demand for stainless steel 


Firth Vie rs is doubling its capacity of 400 
tons a week of stainless steel wide strip in coils, 
as a result of the high rate of demand from the 
and the makers of 
Bulk production is said to have 


industry kitchen 


equipment 


motor 


reduced prices to a point where stainless steel 
is no longer more expensive than chromium 
plating. A £2_m. plant extension at Sheffield is 
expected to be 
half of 1961 


completed during the second 


National Chemical Laboratory Open Days 


held their 
9 and 21 October 1960 
carries out fundamental and 
research not considered appropriate 
either to industry or the universities but which 
is likely to have wide application. The current 
research programme includes the prevention of 


The National Chemical Laboratory 
Open Days between 
The Laboratory 
basic 


corrosion of metals as one of its primary ob 
Much of the present work of the 
Corrosion Group is concerned with the 
sion of iron and steel in the 


jectives 
corro 
environments tn 
which they are used: in water, in air, or in 
soils. The corrosion rates of iron in water are 
examined and 
temperature range 


measured extensive 


Underground corrosion of 


over an 


iron and steel is proving to be mainly a micro 

biological problem. 
Another aspect of the 

the mode of 


preventers 


work on corrosion is 
inhibitors 
which is being 
and 


action of (corrosion 
examined by 
radiotracer methods. It 
was demonstrated how much can also be done 
simply by designing 


eleetrochemical 
and making crevice-free 
joints and avoiding sharp bends in a system, 
or by chemical treatment of water. Improved 
methods for achieving this are currently being 
studied at the Laboratory 
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NEWS 


15-16 Dec. 


Journal of 


a jobbing core shop’, by 
Atherton—Technical College, 
Pond Street, Sheffield, 7 pm. 
INSTITUTE OF WELDING, SLOUGH 
secTION—Lecture, ‘Argon weld- 
ing process’, by F. W. Copple- 
stone—Lecture Hall, Community 
Centre, Farnham Road, Slough, 
7.30 pm. 
MANCHESTER METALLURGICAL SO- 
creTy— Lecture, ‘The relationship 
between physical test results and 
engineering performance’, by Dr 
J. H. Lamble— Manchester Liter- 
ary and Philisophical Society, 
George Street, Manchester, 6.30 
pm. 
THE SOCIETY FOR ANALYTICAL 
CHEMISTRY— Meeting on the flask 
combustion technique—Imperial 
College, Exhibition Road, Lon- 
don SW7, 6.30 pm. 
CHE INSTITUTION OF MECHANICAL 
ENGINEERS (FOR BRITISH NUCLEAR 
ENERGY CONFERENCE)—Sympos- 
ium on the Dounreay fast reactor 
| Birdeage Walk, London SW1. 
THE INSTITUTION OF METALLUR- 
Gists—Informal Christmas din- 
ner and talk ‘Scientific informa- 
tion—the rake’s progress’, by B. 
Fullman—Ayrton Hall, Imperial 
College, Exhibition Road, London 
SW7, 6.15 for 7 pm. 
INSTITUTE OF PETROLEUM—Lec- 
ture, ‘The changing energy pattern 
in Europe and its possible effect on 
product-miz’, by M. E. Hubbard 
—61 New Cavendish Street, Lon- 
don W1, 5.30 pm. 
STAFFORDSHIRE IRON 
INsTITUTE—Lecture, ‘The Ajax 
furnace and process’, by A. 
Jackson—Training Centre, Stew- 
arts and Lloyds Ltd, Bilston, 
7.30 pm. 
NORSK METALLURGISK SELSKAP— 
Meeting (in Norwegian) ‘Recent 
developments in electric smelting 
furnaces for calcium carbide’— 
Rosenkrantzgaten 7, Oslo, Nor- 
way. 
AMERICAN NUCLEAR SOCIETY— 
Winter meeting—-Mark Hopkins 
Hotel, San Francisco. 
LINCOLNSHIRE IRON 
INSTITUTE—Lecture, 
nique of vertical 
rolling’, by T. ’ 
Linsey 


AND STEEL 


AND STEEL 
‘The tech- 
and horizontal 
Hessey—North 
y Technical College, Scun- 
thorpe, 7.30 pm. 
INSTITUTE OF WELDING—Lecture, 
‘Welding of transportation pipe- 
lines’, by R. J. Wright-—54 
Princes Gate, London SW7, 
7.30 pm 
SOCIETY FOR INSTRUMENT TECH- 
NoLoGY—Lecture, ‘Speed control 
of aircraft gas turbines for jet pro 
pulsion’, by R. J. Walsh— Manson 
House, Portland Place, London 
WI, 7 pm. 
POWDER METALLURGY JOINT 
Group—Winter meeting—Chureh 
House, Great Smith Street, Lon- 
don SW1 (See p.352, 
issue 
INSTITUTE OF MINING 
LURGY Meeting Geological So- 
‘iety, Burlington House, Picca- 
dilly, London, W1, 5 pm. 
NORTH WALES METALLURGICAI 
SOcIETY— Joint meeting with the 
Society of Instrument Technol- 
ogy, ‘Instrumentation in _ steel- 
making’, by Dr P. Bacon—Lec- 
ture Theatre, Flintshire Technical 
College, Connah’s Quay, nr 
Chester, 7 pm. 


November 


AND METAL- 


WEST OF SCOTLAND IRON AND 
STEEL INSTITUTE—-Lecture, ‘Rec- 
ent developments in refractories for 
iron and steelmaking’, by R. 
Malcolm—39 Elmbank Crescent, 
Glasgow, 6.45 pm. 


The Iron and Steel Institute 


19-20 Dec. INSTITUTE OF PHYSICS AND PHYS- 
ICAL socrety—Conference on 
statistical mechanics—Queen 
Mary College, London El. 
INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS IN SCOTLAND— 
Joint meeting with Institute of 
Marine Engineers, Scottish sec- 
tion, and Greenock Association of 
Engineers and Shipbuilders, ‘De- 
velopments in marine steam turbine 
design’, by T. W. F. Brown 
39 Elmbank Crescent, Glasgow, 
6.30 pm. 

INSTITUTE OF PETROLEUM—Gen- 
eral meeting—61 New Cavendish 
Street, London W1, 5 pm. 

ROYAL INSTITUTION OF NAVAL 
ARCHITECTS—Third Amos Ayre 
Lecture by A. Hunter—10 Upper 
Belgrave Street, London SW1, 
4.45 pm. 

INSTITUTE OF BRITISH FOUNDRY- 
MEN, SHEFFIELD BRANCH —Lec- 
ture, ‘Pattern equipment for shell 
moulding’, by E. C. Rowen 
Technical College, Pond Street, 
Sheftield, 7 pm. 

LINCOLNSHIRE IRON AND STEEL 
INSTITUTE——Lecture, ‘Engineer- 
ing for nuclear power’, by Dr 
K. J. Wooton—North Lindsey 
Technical College, Kingsway, 
Scunthorpe, 7.30 pm. 

ROYAL INSTITUTE OF CHEMISTRY, 
KENT SUB-SECTION—Lecture, 
‘Science and archaeological investi- 
gation’, by H. M. W. Hodges 
Technical College, Mayfield Hall 


Annexe, Pelham 
end, 7.30 pm. 
INSTITUTE OF WELDING, SOUTH 
LONDON BRANCH—Lecture, ‘Lou 
alloy steel welding’, by Dr E. 
Freeth—54 Princes Gate, London 
SW7, 7.30 pm. 
NORTH WALES METALLURGICAI 
society—Lecture, ‘Steelmaking 
for flat-rolled products’, by R. 
Mayorcas—Lecture Theatre, 
Flintshire Technical College, 
Connah’s Quay, nr. Chester, 
7 pm. 
MANCHESTER METALLURGICAL S8O- 
ciety —Lecture, ‘Modern methods 
of metallurgical analysis’, by 
K. M. Bills—-Manchester Literary 
and Philosophical Society, 
George Street, Manchester 
6.30 pm. 
ROYAL SOCIETY OF ARTS—Lec- 
ture, ‘Ergonomics Sitting the job 
to the worker’, by Dr C. B. Frisby 
John Adam Street, London 
WC2, 6 pm. 
STAFFORDSHIRE IRON 
INSTITUTE—Lecture and film 
show, ‘Prospecting for oil’— 
Training Centre, Stewarts and 
Lloyds Ltd, Bilston, 7.30 pm. 
NORTH EAST COAST INSTITUTION 
OF ENGINEERS AND SHIPBUILDERS 
Andrew Laing Lecture, 
post-war developments in 
construction’, by Sir A. J. 
Literary amd Philosophical So- 
ciety lecture theatre, Newcastle- 
upon-Tyne, 6.15 pm 


Road, Graves- 


AND STEEL 


‘Some 
naval 
Sims 
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TRANSLATION SERVICE 


The following translations are now available, 
in addition to those given on page 356 of the 
November 1960 issue of the Journal: 


Combined platinum-carbon evaporation as 
a preparatory technique in electron micro- 
graphy. GUNTHER, F. W., and Raas, D., Neue 
Hiitte, 1959, Feb., pp-113 115. (£1 10s. Od.) 

(1571 

Fault location in sheets by ultrasonic lamda 
waves. WIEGAND, H., and HENTZE, H., 
Materialpriifung, 1960, Feb. 20, pp.45-50 
(£4 158. Od.) {1686 


The reaction of metallurgical workers to 
technical innovations. Jt'res, E. A., Stahl u. 
Eisen, 1960, March 31, pp.429-437. (£4 10s.) 

{1711 


The Dr Férster Institute (for non-destruc- 
tive testing) Reutlingen. Forster, F., Materi- 
alpriifung, 1960, (2), pp.65-68. (£3 108. Od.) 

(1724 


rhe effect of the duration of the load on the 
hardness of metals and their alloys. SHISHOKIN, 
V. P., Zhur. Tekn. Fiziki, 1938, 8, (18), 
pp-1613-1628. (£6 10s. Od.) (1766 

Development of the open-hearth furnace 
with a new profile. BoELEeNs, E., Radex Rund., 
1960, April, pp.71—85. (£5) {1767 


The nature of the solid solution of boron in 


alpha-iron. SHEVELEV, 


«+» Dok. 
Nauk, 1958, (3), pp.453 456. (£3) 


{kad 
1797 


9°%Cr—1%Mo steel tubes for use in modern 
power boilers. Omort, J., et al., Sumitomo Met., 
1955, April, pp.98-109. (£10) (1801 


The Rourkela iron and steelworks in India. 
Heryricn, H., Stahl u. Eisen, 1960, Feb. 18, 
pp- 197-206. (£5 108. Od.) [1843 


The steel tube as structural element. JaAmMM, 
W., Tech. Mitt., 1959, March, pp.89-94. 
£4 5s. Od.) {1879 


Improved heat transfer to water through 
artificial roughening (grooving) of surfaces in 
reactors or heat exchangers. Grass, G., 
Atomkern—Energie, 1958, (8-9), pp.328-331 
£2 158. Od.) 1882 


December 1960 


1886, 1888, 1915, 1916 
national discussions 


Papers from Inter- 
on long time behaviour of 


high te mp. steels, Diisseldorf, 24-25 June 1960, 


The development and introduction of a new 
ferritic steel for superheated steam pipes and 
superheater tubes. Bruner, O. L., et al., Paper 


No.13. (£4) 1886 


Swedish proposals for definitions of terms 
used in high temperature testing and for the 
corresponding abbreviation symbols (in par 
ticular for static load testing). ENcsrranp, G., 


Paper No.34. (£1 10s. 0d 1888 


Influence of cooling rate, treatment, 
and solidification cross-section on room tem- 
perature properties and creep behaviour of a 
cast steel with 1°,Cr, 0-9°,Mo, and 0-3°,V 
Gut, K., and Ltirme, H., Paper No.17. 


(£3 10s. Od. 1915 


High temperature behaviour of Cr-Mo-V 
steels: The influence of thermal treatment 
comparison between the results obtained on 
rotors and on bars for high temperature bolts. 
Roques, C., and Le Crevusor, Paper No.2 


5 1916 


(£2 5a. Od. 


heat 


Load on roller bearings in the stands of con- 
tinuous rod mills (with discussion). MUNN1H, 
H., Stahl u. Eisen, 1960, Aug. 18, pp.1136 
1147. (£9) 1890 


Equilibrium of sulphur reaction between 
liquid, carbon-saturated iron, and lime 
alumina slags. Scoenck, H., et al., 
Eisenhit., Aug., pp.471—472. (£1 15s. Od. 


silica 
irch 
{1893 


Resistance to flow in branch pipes. GRass, 
G., and Lirn, E., Allgemeine Warmetechnik, 
1958, (9), pp.185-189. (£2 10s. Od.) 1899 


Results of a comparison between the plug 
mill and pilger mill processes. Borisov, S. I., 
from book: Proizvodstvo trub na ustanovkakh 
s avtomaticheskimi i piligrimovymi stanami, 
1959, Metallurgizdat, Khar’kov, Ch.8, pp.320 
326. (£3 Se. Od. [1919 
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ORES—MINING AND TREATMENT 


The softening of — furnace ores M. 
Prouza (Hutn. Listy, 1960, 25, (3), 167-170 
The significance and technological importance 
of a knowledge of the softening of iron ores are 
discussed. An instrument for measuring the 
thermoplastic properties of ores up to 1600°C 
was developed, and the results obtained with it 
are considered. The equipment consists of a 
graphite tube furnace in which ore briquettes 
are subjected to pressure. The deformation of 
the sample is recorded continuously.— P.F. 

Rotary kiln linings J. Vosyka (Hutnik, 1960, 
10, (3), 98-101) The design and choice of 
materials for the best performance and longest 
lining life in kilns used for roasting ores, coke, 
and cement are discussed with special reference 
to the partic ular a and conditions at 
the author’s works. —P. 

Study of making briquettes of —- 
(sq dusty h tite) with a view to t 
production of sponge iron Kk. L. Vieira (Bol. 

1BM, 1960, 16, April, 249-267) The manu 
facture of compressed briquettes by hydraulic 
or impact presses, using as binders, dextrin, 
tar, or sodium silicate and CQO,, is described, 
and the temp. used in pressing and the proper 
ties of the products are reported.—-s. H.-S. 

Replacing the firing hearth of the sintering 
machine N. A. Belokonenko ( Vetallurg., 1960, 
(1), 12-13) The linings of the gas firing hearth 
have to be changed every six months and this 
takes about 48 h. The author suggests a 
reserve hearth which can be changed without 
much trouble in considerably less time. Dia- 
grams are given. 

Study of the sintering of some Spanish iron 
minerals. 1V. The effect of additives on the pro- 
duction and quality of sinter irons. V. Sintering 
of Coto de Orconera carbonate. Vi. Micro- 
radiography J. A. Boned Sopena (Hierro y 

icero, 1960, 13, Jan.—March, 289-319) A com 
prehensive description of various aspects of 
sinter production, with tables of experimental 
results, their chemical analyses, temp. curves, 
yields, and properties.—-s.H. 

Obtaining self-fluxing sinters at the start of 
an industrial mixture of minerals J. A. Boned 
Sopena, A. Fillol a and J. Asensio 
Gonzalo (Hierro y Acero, 1960, 13, April, 392 
413) A comprehensive study of the effect on 
production of normal and self-fluxing sinters 
together with a review of the effect on granulo- 
metry of the MICUM test is presented. 

The influence of technological factors on the 
properties and mineralogical composition of 
fluxed sinter DD. A. Kissin and V. P. Pevtsov 
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Use of PS coal in sinter production V M. 
Malinovskii and A. 8S. Babii (Stal’, 1960, 7), 
from Enakievo. Up to 25% PS 
coal had little effect on rate or quality but 
above 50°, vield fell 5-4%, the rate increased 
slightly and FeO was decreased. Sinter tests 
ing are suggested for improving sinter quality. with addition of mill scale The optimum con- 

Pertecting the production of open-hearth tent was 10%. 20% reduced productivity 
sinter from Dashkesan ore S. I. Malyshev, 9% 4", 

Sh. F. Khoshtariya, P. P. Gladkoskok, and Laws governing the heating of hard coals in 
G. F. Radchenko (Stal’, 1960, (7), 584-590 the coke oven M. Pustal (Bergakademie, 1960, 
Addition of 30-35°, millscale good 12, Jan., 33-35) A review (6 refs 

sinter from this ore Quality of metallurgical cokes. ‘Metallurgical 

Automation for sinter plants D. E. Hamilton raw materials C. G. Thibaut (Cahiers du 
and R. L. Houlton (Blast Furn. Steel Plant, Cessid,1959, (XII supplement), pp.32) Physic- 
1960, 48, June, 569-579) The sintering process al, mechanical, and chemical properties of 
and its control, and present and future epplica- cokes are discussed in relation to their metal- 
tions of automation to the process are dis- lurgical applications. Results of tests carried 
cussed. Examples are given of the application out on cokes of different origin are compared as 
f local process control, with a number of well as results obtained in various countries 
examples of feed and transport regulation. 79 refs).—R. P 

Increase in sinter strand productivity by Durgapur makes steel: Coal-coke-power 
introduction into the mix of lime in excess of = (Brit. Steel., 1960, 26, May, 151-152) The coal 
25 kg/t sinter V. G. Malinovskii and A. 8. Babii preparation, coke and by-products plants and 
(Stal’, 1960, (7), 593) A note from Enakievo. distribution system are described briefly, with 

Production of fluxed sinter with a mixture of = reference to the works power station. 
limestone and dolomite 8. N. Starshinoy, V. P. 
Onoprienko, D. P. Burdyukov, V. I. Khali- 
monova, and L. I. Sergienko (Metallurq., 1960, 
2), 6-7) The optimum humidity corresponding 
to the greatest vertical speed of sintering is 
about 6-5°,. An increase of MgO in the charge 
to 2-0-2-5°, above normal and addition of 

in the proportion of 


purnal, 


(UD¢ 


Stal’, 1960, (7), 579-583) Increased basicity, 
higher iron content of the ore and finer grind- 


gives a 


TEMPERATURE MEASUREMENT 
AND CONTROL 


Temperature measurement and control. 1. 
Thermocouples . W. Jackson (Chem. Process 
Eng., 1960, 41, April, 139-143) The principles 
of thermo-electricity, the selection of thermo- 
couple elements, compensation, and installa- 
tion and maintenance of thermocouples are 
reviewed. Il, Temperature control data logging 
equipment W..J. A. Donnelly (144-145, 148) A 
m for temp. monitoring and data logging 
for a continuous chemical process plant is des- 
cribed. Information is derived from 440 
thermocouples, all within the range 0-300°C, 
rhe thermocouples are scanned every 15 min; 
the value of each point is compared with pre- 
set upper and lower limits and any deviation is 
printed out, if necessary an alarm is raised. 

The total radiation pyrometer, the immersion 
thermocouple and the measurement of con- 
verter temperatures |. Harveng and J. Marot 
Silicates Ind., 1960, 25, Mav, 235-242) The 
development and use of a Ni-NiCr thermopile, 
embodied in a total radiation pyrometer, for 
the continuous recording of bath temp. in @ 
Bessemer converter are described. 
Maintenance and ‘essary in 
using the instrument are discussed. At | 560- 
1670°C, with an estimated 


limestone and dolomite 
1:1 had practically no effect on the hardness of 
the sinter but a further increase of MgO beyond 
this limit reduces its quality. Constant MgO 
can be ensured by mixing limestone and 
dolomite in the ore yard 

Production and use of fluxed sinter with a 
basicity CaO:Si0, of 1-2.1-4 F. F. Kolesanov 
(Stal’, 1960, (7), 593) A note from Chelyabinsk. 
Up to 56% in the blast-furnace burden reduces 
coke consumption 4-3°,, and increases produc- 
tivity 3-2%. 

Elementary notes for a study on the Sturzel- 
berger process I’. de P. Giménez Blasco (Hierro 
y Acero, 1960, 13, Jan.—March, 242-245) The 
reduction of iron pyrites by the Sturzelberger 
process is briefly described.—s.H.-s. 


FUEL—PREPARATION, 
PROPERTIES, AND USES 


Activities of the Commission des Ingénieurs 
de Cokeries M. Duvivier (Rev. Mét., 1960, 57, 
April, 287-296) The possibilities of increasing 
the production of metallurgical coke in France 
are examined, reference being made to the pro 
duction of coke fines for sintering plants, and 
to the improvement of thermal efficiency and H. J 
other factors in coke-oven operation. 47, June 16, 328 


syste 


static basic 
precautions ne 


temp. was read 


error of +18°C. —P.F 

Temperature measurement in steel melts 
with a new type of immersion thermocouple 
Meerkamp van Embden (Giesseret, 1960, 
329) The thermocouple is 
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drawing down to about 2mm a nickel 
containing a Pt—Pt/RKh couple insulated 
vith Mg). The instrument has a low heat 
capacity, can be ed again after cutting off 
the end, and is ne flexible to be coiled. 
Some applications of the thermocouple are 
outlined 


made by 


tube 


REFRACTORY MATERIALS 


Refractories 1). Pixon (Fou de J 
1960, 108, May 5, 545.550) A review of the 
erties al f f refractories, particularly 
melling industry. The 
el-frit melting 

and suitabilit 

rf the ar urnaces are discussed 
Study of the ‘couneuition of siliceous retrac- 
tories F. M. del Corral and J. M Bermudez de 
Castro (fH ) lcere 1960, »., 159 
168) The i yus refrac 
tories are examined by means of X-ray diffrac 
vith their relevant 

wrorad rTrapns and photomicrographs 

Economies in the use of refractories K. \\ 
Hanser Blas Furn. Steel Plant. 1960, 48, 


Particular reference is made 


tion and the are compared 


ories for use at high temp 
ditions, and to 
nit 


IRON AND STEEL, GENERAL 
The world’s producers of stainless steel (.\/+/ 


Bull... 1960, Jul 78-85) A list of all producers 
rf Rite iless steel in the world except those 
behind the iron curtain, giving addresses and 
sducts ranging from in 
The — Stainless steel industry M. Maroy 
Vet. Bull., 1960, July, 53-60) A survey of the 
French soe tion of ainless steel and some 
of its applications r.G 

Progress in Sweden |). Ohmann (Met. Bull. 
1960, Julv, 67-64) An economic survey of the 


rise of the Swed 


the pre gots to wire 


sh staunle 


ss steel producti 
which amounts at present to 19 kg per capita 
it is expected that this figure will have risen to 
25 ky by 1962, by far the highest in the 
Growing production in Italy Associazion: 
Industrie Siderurgiche Itahane Vet. Bull., 
1960, 70-71) A statistical survey of the increas 
ing production of stainless in Italy r.G. 
A vigorous Japanese Industry Japan [ron & 
Steel Federation (Met. Bull., 1960, July, 63 
») The structure of the Japanese 
eel producing industry is briefly outlined 
Durgapur makes steel, 1956 1960 (Brit 
Steel., 1960, 26, May, 147-148) The 13 con 
onsortium of Indian Steel 
enumerated, and 
programme outlined 
New ways of intensifying metallurgical pro- 
cesses |. P. Bardin (Metallurq., 1960, (1), 4-6 
The increase in the technical and economic 
ndices attainable by new 


world 


stainless 


panies forming the 
works Construction Co. are 
the construction 


onstruction is can 
led out by the expenditure in extra repairs, 
maintenance, etc. New ways have to be found 
ither by n g existing plant or by con 
structing new plants to attain more intensive 
production. Rolling combined with continuous 
developed, blast-furnaces of 
capacity, OH 
between 600-1000 t, 


odernizin 


casting 18 to he 
er 2000) m?*® furnaces 
improvement in the 
obtain concentrates 
ntent, and production of 
pig iron in blast-furnace ren blast ete 


quality of sinter s¢ 


vith 60-65°,, iron co 


as to 


s withoxyg 
eg successes for the day of the ae a 
Korobo Stal’, 1960 i 575-578 
during the vear to ‘e 
f the metallurgists’ 
a list of new plants 


review oO 
reported 
Labour Day al, gi 
iunproved operations, and output 
BLAST-FURNACE PRACTICE AND 
PRODUCTION OF PIG IRON 

Durgapur makes steel The ironworks (/rit 
Steel, 1960, 26, May, 153, 161 By 1961 three 
blast-furnaces will be in commission, and it is 
intended to make 2500 t of basic pig and 
1250 t of foundry iron per day. Design data are 
river 

Achievements of blast furnace production in 
the Chinese People’s Republic (\Metallurg., 
1960, (4), 9-13) A review of the growth of the 
industry during the last decade. The data are 
ondensed from an article in the Chinese 
periodical Steel and Tron, 1959, (18). 


The operation of a blast furnace of 1700 m® 
volume at Espérance-Longdoz, Liége P. 
Maertens, J. Cobut, U. Delincé, P. de Woot, 

A. Herman (Rev, Univ. Min., 1960, 103, 
‘ 294) In the first part the authors 
details of the construction and 
juipment of No.6 furnace, with 

earth diameter, put into operation at 
Longdoz in April 1959. In the 

part the results obtained in the 
issedi in detail, working 


than 


furnace 
at a top pres 
600 to more 1000 gem? 12 

Towards international standardization of 
em on blast-furnace trials ©. G. Thibaut 
Ve 1960 57, May 379-386) Proposals 
ace for standardized 
results with the atm of sin 


ire ot tabulation of 
iplifying interpreta 
tion of furnace and burden characteristics. An 
example from practice is given 
Blast- furnace he sy of lead-bearing iron 
ores A. M. Sukhache Stal 1960, (7), 590 
43 - Ace ‘and Bulgaria 
ng of local ores are deseribed. Lead 
r\ nd hygienic conditions 


blast-furnace 


durir 
ing are attained, Attack on the refractories is 
»bser d. Lead can be discharged by means of 
channels in the hearth p ad lin ing 

The effect of the grading of the burden on the 
operative indices of blast furnaces V. bi). Ley 
henko (J est. VUZ Chern. Met., 1959, (11), 


anenlall size of the burden con 


gy cast 


in most cases be improved with an 

as permeability and a fuel say 

rtain cases, 11 \ higher pressure 
rhe t s 1 working space is also 
irable 

The kinetics of sulphur transfer from iron to 
slag RK. G. Ward and K. A. Salmon (J/S/, 
1960, 196, Dec... 393-403 

Blast furnace aatien. Heat balance sheet and 
heat exchange J. Michard (Cahiers du Cessid, 
1959, No.49, pp.127) Thermal flow and heat 

‘ nus parts of the blast-furnace 
theoretical and practical 
relationships between heat 

duction processes in the furn 

e are dealt with (17 refs a.F. 

Inwall thermo-couples guide to better biast 
furnace operation J. S. Kapitan (Blast Furn 
Steel Plant, 1960, 48, June, 561-566) The use 
of in-wall thermocouples as an indication of g 
of hot spots, ete 
effect of sized ore: sinter, 
nwall temp 


Phis issue 


flow efficieney, the presence 
discussed. The 
and high-pressure on i 
examined 

The operation of air heaters with variable 
cycles |: ¥ Ilvushechenko and M. G. Volkov 

Vetallurg., 1960, 4), 4-8) When the blast 
dat the Kuznetsk Met 


air heaters were increased 


furnaces were enlarg 
lurgical Combine the 
in volume and operated at a higher temp. and 
essure of air blast. 
eight and rec 


wions of the 


increased 
mstructed to reduce the 
vertical flues \ complete 
mation scheme of control was introduced 
and this has resulted in increased efficiency. 
Taos a pig iron through one spout |. 
Mc Savichev, ( ubenko, A 
~peewe rva, N.S. Krivolapov , V. M. Zudin, 
and L. Ya. Shparber (Wetallurg., 1960, (2), 12) 
\ group of engineers at the Magnito 
Metallurgical Combine 


dev ice 


Checkers were 


gorsk 
have evolved a pouring 
of a platform with a mobile 


rotated by a winch. A 


onsisting 
runner which can be 
diagram is supplied 

improvement of some devices for the auto- 
matic control of blast furnaces N.S. Skorik 
Vetallurg., 1960, (2), 9-12) Description of 
some devices now available for temp. measure 
gases and of the gases at the 
periphery and under the top; also for con 
trolling the valves of the large and small cones, 
of devices for controlling gas 


ments of the hot 


pressures, 
humidity, ete 

Manufacture of pig irons in blast furnaces for 
producing nodular graphite iron and properties 
of the castings |. Aoki (Hierro y 1960, 13, 
April, 365-370) Anomalies from the 
manufacture of pig iron in the blast-furnaces 
of the Kamaishi plant are described, with 
results requiring the use of a superior ¢ 
material for the production of 
nodular graphite iron S.H 


Proposed schemes of gas purification units 


arising 


lass of 
satisfactory 
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for metallurgical works I’. 8. Khomutinnikoy 
and Yu Dronevich (Stal’, 1960, (7), 660 
664 Electrostatic filters for blast-furnace 
plants and other devices, especially for opera 
tion with high top pressures, and installations 
for OH sr and O, 

iefly reviews 

” Purification ‘of blast-furnace 4% without 
electrostatic filters 1). K. Myzenko, V. M. 
Pomazuev, M. S. Mironchil and L. Yu 
Korol’k ich (Stal’, 1960, (7), 667-670) Test 


rases fron 


blown converters are 


re m iurnaces rating at high toy; 
that water-sprinkled  bafte 
units can reduce dust content to 10 mg 

Properties of blast-furnace dust and its col- 
lection in the gas purification apperatas | P. 1 
Ve rnivor 
tion patterns in serubber and baffle units and 
the effeets of flow rate 


With hig 


purification is no 


pressures show 
3 


Stal’, 1960, (7), 664 667) Sedi nta 


examined 
tat 
distributions are deterr 
rate and position of collecti 

ae of pig- -iron production J ) 
Found /., 1960, 108, \ 19, 615-619 
Th a sun ary of a revie on alternatives 
to the iast-furnace as a reduction t, pr 


sented to ¢ ee ig of the ‘ ( otland 
ISI r.¢ 

Production of sponge iron from compact 
hematite and its fusion in a Detroit laboratory 
furnace I’. 1). de Souza Santos (8 iss. B 
Vet 1960, » 16, 


April, 233-242) A repor 
or tests Thade at a ster 
ilo ete herder the NIV 1 
of the s iiieailines Association of Metals 
is here reproduced S.} s 
Production of sponge iron by the Hoganas 
process with coal from Rio Grande lo Sul, 
hematites from Minas Geraes and — 
= Y. Wahlberg and A. C. Lope 
1BM, 1960, 16, April, 219-232) With a 
to rec \ ¢ inbalance ney 
fuction of Orie | i uZi vith 
materials of Brazilan orig and pro 
Series of tests undertak 1 Swed 
Hoganas A-B process i 
overs each product . s 
Production of iron end sto —s electric pro- 
cesses H. Wala: Hierro cero, 1960, 13, 
Feb., 218 228) After discussing the operation 


f the Ens electric furnace for ast ym, the 


yaaa 


problem of a pro¢ in course of 
for the treatment of tine 
. Brazil, and Ve 
> the idea 
iron obtained 


minerals fro 
Swede nezuela, 1s 


fa purely el 


ace is converted into steel 

are furnace by the von Roll process. 

New processes of desulphuration of pig iron 
outside the blast furnace S. K. Sobolev, G 
Oiks, V. Isupov, and \ M. Sm 
Izvest. VU Z Chern. Met., 1959, (11), 
method is explained of desulphurizing pig i 
by bringing it in turbulent contact with « 
sulphurization agent consisting of 1-5 
lime mixed with 0-03-0-06°, AL. This r 
50-60 of the sulphur in the pig iror 
agent is added as a suspension of air 
more effective 

Desulphurization of the pig iron outside the 
blast furnace L. Ya. Shparber (Vetallurg 
1960, (2), 8 9) An arrangement ts deseribed for 


} 
as it fl 


tanin 
13-18) A 


ro 
vhen it 


desulphurizing pig iron yws through the 
I I 


tundish. The agent consists of the 


waste ot 
calcined lime and dolomite. The average degree 
of desulphurization obtained is 28-6 with a 
consumption of lime at the rate of 1-42 by 
weight of the pig iron 

Gazal for iron desulphurization (./. \/er., 1960, 
12, March, 231 An abstract of a report by 
Société des Acieries de Pompey on successful 
trials with the Gazal process, by which air or 
N, is introduced through porous refractory 
plug in the ladle bottom, to pr turbu 
and thereby promote slag-metal reac 


oduce 
lence 
tions 

Rotary reactor desulphurizes and desiliconizes 
J. Met., 1960, 12, March, 232-233) A deseriy 
tion of the design, operation, and applications 
f the rotary reactor designed by Diamond 
Alkali Co. Development work has still to be 
carried out on the use of the reactor for dé 
phosphorization, lirect 
reduction. 


decarburization, and 








PROPERTIES, TREATMENT, AND 
USE OF SLAGS 


Laboratory experiments on the use of apatite 
for ae Talbot slags with phosphorus 
pentoxide I. Myslivee and V. Cerny (Hutn. 
Listy, 1960, 25, (3), 188-195) Experiments 
showed that Talbot slags unsuitable for agri 
eultural purposes can be converted to basi 
Jessemer type slags rich in P,O, by melting 
with apatite. The best Y 
throwing apatite, sand, and basifrite on to the 
slag before the latter is drawn off. P.¥ 

The production of basic Bessemer slags by the 
Talbot process (). Bohus (Hutn. Listy, 1960. 15, 
4), 292-295) Present-day eco 
favour the us¢ 
together wit! — in the 
( zechoslevakia Agr 
thus obtainable. 1 * chemical and economic 
aspects of the method are discussed P.1 

Apparatus for measuring the surface rein 
of slags in steel melting furnaces |. 8 
tsev (Zavods, Lat 1960, (3), 
instrument is used to « 
of the slag in OH furnaces during r 
of the melt. It is simple in construction an 
operation and the re 
the depth of immers 
is very Important 


method consists in 


nomic conditions 
jparatively low-P irons 
Talbot process in 
culturally l 


of con 


useful slags are 


letermine 


adings are independent of 
on of the capillaries, which 
in a boiling bath. The appar 
atus consists of three sections, a high temp., a 
controlling, and a recording section. The main 
section, the first, consists principally of a bent 
iron tube with graphite ends through which 
pass twi tubes, hermetically sealed to 
graphite capillaries containing the 
The portion of the iron tube which is immersed 
in the bath is lined with a refractory coating 
Equations are given for calculating 
tensions from the gs of the two capil 
laries simultaneously immersed in the liquid 


copper 


rmocouy les 


surtace 
readit 


bath 

Apparatus for measuring the viscosity of 
slags LL. Georgiev, M. Mandl, and I. Skala 
Zavods, Lab., 1960, (3), 358-360) The appar 
atus consists of a frame through which passes 
a shaft driven by The end of 
the shaft rotates in a crucible furnace contain 
ing molten slag to rotation 
the viscosity after suitable calculations. The 
apparatus has been calibrated on castor oil and 
fused B,O,. It can register viscosities of 0-4 
20 and 10 to 100 poises. 

Standards for measuring the viscosity of 
metallurgical slags ©). M. Katkov (Zavods 
Lab., 1960, (3), 360-361) Results of tests over a 
long period with standards consisting of 
oil (Standard No.1) and its mixtures with rosin 
in the proportions of 3:1; 3:2; and 1:1 (stand 
ards No.2, 3, and 4) are reported. Viscosity is 
determined by the fall of a ball and is assessed 
by the with 
the size of the container. 

The reactive capacity of blast furnace slags 
for sulphated metallurgical cement 8. Tsumura 
(*Zement—Kalk-Gips, 1959, Sept., 392-408 
Slag reactive 


solution of 


an electric motor 


Resistance gives 


castor 


Stokes equation, eorrections for 


capacity is investigated using a 
and a relation is derived 
with SO, and the 
sulphated cement 
same slag. Slag properties are 
avnthetic slags 


gypsum, 
between reactive capacity 
modulus of elasticity of 
made from the 


investigated or 20 refs 


PRODUCTION OF STEEL 


Durgapur makes steel tonnage a 
plant (Brit. Steel., 1960, May, 149-172 
tonnage oxygen plants supplied by Seinioh 
Oxygen Linde Ltd. are described. The oxygen 
is used mainly for ladle desiliconization. 

Oxygen enrichment in a crucible furnace 

C. Churcher and C. A. Walters (Found. 
Trade J., 1960, 108, Feb. 18, 191-194) The 
addition of 2 and 4°5 O, to the air supply 
of an oil-fired crucible hanae e gave no marked 
increase in the wear of either the crucible or the 
furnace lining. No apparent difference was 
found between the two levels of ¢ ), enrichment, 
both of which permitted reduction of melting 
times and fuel consumption of about 12%. 

Lining angle ag crucible-type furnaces 
S. Fransson (Gjuteriet, 1960, 50, (6-7), 87-94) 
Post-packing of rammed quartzite linings due 
to vibrations in the furnace coil and crucible 
has been reduced or eliminated by 
grain size and distribution, 


correct 
ensuring that the 


material is dry when rammed, and modifica 
tions to the ramming technique 

Contribution to the mechanics and metallurgy 
of the biowing process I. Kootz ( Bergakademie, 
1960, 12, Jan., 16-22) The course of refining in 
OH and converter processes is compared, and 
the mechanism of refining by bottom-blowing 
and by top-blowing with O, are 
(23 refs) 

The Bessemer converter = the —- . 
the shortage of scrap steel J. Vazquez Lop 
(Hierro y Acero, 1960, 13, a $37 A to 


overcome the phenomenon of a growing short 


discussed 


age of serap steel in Spain, the author advo 

of blast-furnaces feeding 

40°, of liquid cast iron to OH fi 

admixed with their own charge of crap, 

with a further addition of 3 i e ores, 

smelted in duplex, as a prov 

to be, in Spain, both e« 

convenient S.H.-S 
Temperature measurements in the Bessemer 

converter K.S. Garger, N. T. Bondarev, B 

Lvyaudis, and D. P. \ 

Chern. Met., 1959, (11), 125-132 

has been designed and constructé 

with standard therr electrical 


cates a evelic svsten 


irnaces, to be 


onomically 


with 
rhis instrument, used 


on a water-coole tube 
motion 
a or apc ey eae an rter blown fron e bott« 
with air blast has proved its rel 

Investigating the contamination of converter 
Steel-top blown with oxygen \V. 1. Baptizman 
skii and ig A. Dubrovskit (Jzvest. VI Zz 
Chern. Met., 1959, (11), 31-37) ¢ 
mendations are made to decrease oxide inclu 
sions in the production of VKD steel (oxygen 
top-blown normal melt as re 
holding the blown metal in the converter for a 
certain time; drawing off the slag 
through the melt; 
the melt 

Piant for the manufacture of steel by the L.D. 
process A. Alvarez Alvarez and F. D. Busta 
mante (Anal. Mec. Elect., 1959, 36, Nov.—De« 
452-463) A technical study of the layout, 
equipment, and process for the production of 
steel by the Linde—Frankl system 

End-point temperature control in LD steel- 
making W. J. Slatosky (J Vet., 1960, 12, 
March, 226-230) A slide-rule type of computer, 
based on a set of equations derived from a 
thermochemical analysis of the LD process, is 
in use at the Jones and Laughlin Aliquippa 
works for controlling end-point temp. An elec 
tronic computer is to be installed for greater 
accuracy and ease of 


ertain recor 


yards temp 


midway 


adjusting the lance auring 


operation. The equations 
used and results obtained are quoted, 

Report on the metallurgical conference in 
Belgium and Luxembourg in 1958 G. Répasi 
Koh. Lapok, 1959, 14, Sept., 393-397; Oct., 
477-482) The ws the lect 
steelmaking he 


lurgical 


author revic 
ard at the international metal 
conferences in Belgium and Luxem 
1958, and draws some conclusions 
relevant for the Hungarian steel industry. 
Steelmaking at vee © A. Newlands (Eng. 
Min. e Met., 1960, 31, Jan., 10-12) [In Portu 
guese] The author dis« mannan thbe possibilities of 
building iron and steelmaking 
to take 


ires on 


bourg in 


y plant at Parana 
advantage of the ore deposits there. 
{aw material and transport req 
considered P.S 

Tonnage oxygen ee low prusee pro- 
cess A. Urban and V.A Heavy Ind 
1960, (6), 40-46) A general des ription i 

The central oxygen plant at Richemont 
(Mines Mét., 1960, June, 357) A brief account 
of the opening of the central depot supplying 
2400 l/h of liquid and 150 t/day of gaseous O,, 
with sketch map of the distributing area. ‘i 

The basic oxygen process in a modern 
American steelworks L. Walter (Chal. et Ind., 
1960, 41, May, 140-144) This article describes 
the operation and economies of the 
oxygen process at the Aliquippa works of 
Jones and Laughlin Inc. in Pennsylvania 

Increase of production of basic Bessemer 
steel by the use of oxygen ©. de Rousiers 
(Centre Doc. Sidér. Circ., 1960, (2), 469-473) A 
study of the effects of the use of O, in diminish- 
ing the time of blast and increasing production 
of a basic Bessemer steel plant by 10-15%, and 
giving greater flexibility of 
reported.—s.H.-8. 


lirements are 


basic 


operation 1s 
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Continuous determination of the bath 
temperature during Thomas conversion | 
Harveng, J. Hancart, and J. Marot (Re VW ét., 
1960, §7, Jan., 221 238) Temy hang luring 
air-blowing are followed by the ‘ an 
Ni-Cr/Constantan therm 
the bath through the 


Details of the reeordit 


oasibility of coors eting 

t rf the bh ¥ is COr erec 

Refractories for the L D Converter |i 
160 6, Jar 83 


1BM 
brief description of th 
ption of the 


ulmaraes gal 


ance 
got t and plant 


are Cause: 


a high thers ! shoe} i ‘ 

Non- combustion seenpecstion of the gas 
obtained from refining with pure oxygen 
CAFL and IRSID processes) MM. Allard and 
:. Nan Rev. Mét., 1960, §7, March, 207-220 

4 ? ‘ Co. 
[RSID 
mld 
result in 
removal plant 

investigations of productivity in basic open- 
hearth furnaces ©). L.. Barbosa and L. V. da 
Silva (Bol. ABM, 1960, 16, Jan., 21-38) 


Evidence is given to show the ady 


antages of 
using statistical analysis for the diagnosis and 
solution of production problems as w 
production control. The basie OH 
CSN at Volta Redonda is considered and the 
effect of certain variables upon the heat time 
is examined, Conclusions which apply to this 
time of 
of the 


increasing the 


ell as for 
plant of 


shop are: (1) a variation of the charging 


the solid charge is reflected in a variation 
same order in the 


proportion 


heat time; (11 
of liquid tron in the charge would 
have economic advantages iil) the control of 
bath carbon is important for the reduction and 
heat time; (1 by control of the 
metal charge and the 


control of 
quantities of raw materi 
als charged a greater use of plant capacity is 
possible; xluction control « 
with advantage, by using She 
10 refs Ps 

Strength caiculations for open-hearth furnace 
elements N. P. Kublanovy (Stal’, 1960, (6), 500 
502) Def 


an be effect 


whart charts 


ects in equations commonly suggested 
thrust, et« especially in A. 8 
Lychagin’s book, are pointed out and the need 
for a special guide for designers is stressed 
Development of an open-hearth furnace with 
a new profile I. Boelens (Rader Rund., 1960, 
April, (2), 71-85) The results obtained with the 
new des lina Liége steelworks in 
1952 are reviewed, with an aceount of design 
“lifications, and the Maerz —Boel 
furnaces are described, with an ace 
suspended roof and wall structures 
Progress in the use of oxygen in the open- 
hearth furnace M. Foresi and G. Massobrio 
Rade Rund 1960, Feb., 1), 3-38 In 
German and Italian} De »yprments in the use 
f O, in the OH plant of Cornigliano S.P.A. are 
described, using various methods of eding 
the O,, by tubes through the furnace doors, O, 


through the roof, and O, enrichment of 
the fuel through the burners 


for roof 


gn introduce 


ens all-basic 


yvunt of the 


lancing 
lrials with silica 
and with basic roofs are described, and con 

ons mer sary for plant modification for the 
large-scale use of O, are discussed 

Open-hearth furnace door-frames [). Poulain 
(Centre Doc. Sidér. Circ., 1960, (2), 487-494) 
Seven types of water-cooled frames are des 
eribed and their construction and 

discussed S.H.-s 

Basic roof performance in American open- 
hearth furnaces M. A. Fay (Blast Furn. Steel 
Plant, 1960, 48, April, 372-376, 386-387) Data 
from 233 basic roof campaigns mmpleted since 
1947 studied. and 
results are analysed 

Influence of the furnace lining on the course 
of the melt in the acid open hearth process H. 
Widmark (Jernkont. Ann., 1960, 144, (1), 1-45) 


functions 


have been performance 


Journal of The Iron and Steel Institute December 1960 





470 ABSTRACTS 


Steel and slag sarmples were taken during the 
refining period on four heats and bottom wear 
and amount of slag were measured by radio- 
active tracers. In addition, the results of 
oxygen determination with different methods 
of sampling were compared. The activities of 
the components in the slag and steel were 
determined, and used for equilibriurn calcula- 
tions (45 refs). 

Introduction of biown air into gas ports to 
intensify the melting process V. N. Kazantsev 
(Stal’, 1960, (6), 504) Discussion of an article 
with the same title by I. V. Belov et al., (1959, 
(10), 889). Air velocity, which was not dis- 
cussed in the article, is claimed to be the main 
factor. High pressures are recommended. 

Melting of 25G8 steel in open-hearth furnaces 
V. G. Malinovskii and A. 8S. Babii (Stal’, 1960, 
(6), 513) A note frorn Enakievo. 

Some questions on the theory of the dephos- 
phorization process I. Yu. Kozhevnikov (Stal’, 
1960, (5), 406-416) The sequence of oxidation 
of impurities is considered and the conditions 
for preferential oxidation of P. The order 
derived from heat of reaction and oxide 
stability would be Si, Mn, C, P, but this is not 
observed and other factors must be concerned. 
The analysis by Levin is shown but the oxygen 
activities assumed are not usually reached and 
there is also a solubility effect of the oxides 
produced. Other formulations are mentioned. 
Actual P equilibria in slags are considered. It 
is shown that the important reactions occur at 
the slag-metal interface. 

The production of steel by the duplex process 
from naturally alloyed Cr Ni pig irons I. N. 
Varnavskii, N. P. Izotov, M. K. Musikhina, 
V. A. Aver’yanov, and O. P. Bolotov (Stal’, 
1960, (6), 496-500) A process used at Orsk— 
Khalilovo with a converter and a basic OH 
furnace is described. The irons are high in Cr, 
Si, and P. Conditions for the blow are given 
and slag compositions are shown. The molten 
metal is conveyed from the converter to the 
OH in ladles. Rimming and killed steel are 
produced by processes given. Dephosphoriza- 
tion processes are still being improved. 

A change from open-hearth to arc electric 
furnaces WV. J. Bolton (Blast Furn. Steel Plant, 
1960, 48, April, 350-356) The modernized 
plant installed at the Seattle plant of Bethle- 
hem Steel Co. is described; it consists of two 
100-t electric arc furnaces, ancillary equip- 
ment, and rolling mills. 

Electric reduction—oxygen steelmaking v. 
sponge iron electric steelmaking A. ©. Lopes 
(Eng. Min. e Met., 1959, 29, June, 323-324) 
[In Portuguese] The advantages and disad- 
vantages of each of these methods of steel- 
making are tabulated and compared. The 
equipment needed and raw material consump- 
tion per ton are listed and investment costs are 
givenhn.—P.S8. 

Possibilities offered by the O.L.P. process for 
the manufacture of dead-mild rimming steels 
for deep drawing J. Samson and G. Montlahuc 
(Rev. Mét., 1960, §7, May, 387-395) Based on 
the results obtained from 250 heats, it is 
shown that the quality of OLP steel is better 
than that of OH steel, particularly for deep- 
drawing purposes. The mechanical and chem- 
ical properties of the steel are discussed and the 
results of cold and hot-rolling trials are exam- 
ined statistically. 

Durgapur makes steel Open hearth melting 
shop (Brit. Steel., 1960, 26, May, 155-156, 159- 
161) The design, equipment, and capacity of 
the plant are described. The furnaces, consist- 
ing of seven 200-t and one 100-t fixed basic 
furnaces, are designed for 80% hot metal and 
20°, scrap. 

Construction of OH furnace shops with 
furnaces placed in island blocks I. 1). Vikhrev 
and I. A. Afonin (Metallurg., 1960, (1), 18-22) 
A project submitted by Gipromez demon- 
strates than an arrangement of furnaces in 
island blocks instead of in long lines results in 
appreciable advantages. 

Conclusions to be drawn from recent investi- 
gati on the planning of open hearth furnaces 
G. Husson (Rev. Mét., 1960, 57, May, 401-407) 
A general] review of papers presented at: an 
Open Hearth Conference, dealing with measur- 
ing instruments, general conditions of thermal 
exchange, the case of a furnace fired with cold 
rich gas, and preheated lean gas respectively, 





the influence of the flame on the furnace 
geometry, and the use of oxygen. 

The correct roof thickness of OH furnaces 

I. Nemets and V. A. Makovskii (Jzvest. 
VUZ Chern. Met., 1959, (11), 119-124) Meth- 
ods for calculating the required thickness of 
the roof have been evolved at the ‘Azovstal’ 
works, based on campaigns with the 350-t tilt- 
ing OH furnaces. The results have been con- 
firmed by actual trial and have made possible 
the formulation of a relation between the 
temp. of the external surface of the roof and 
the thickness of the brick lining with a con- 
stant temp. of the working space of the furnace 
of 1750°. In this way the roof thickness can 
always be kept at 380 mm as the campaign 
proceeds, with a considerable saving in refrac- 
tories. 

Increasing the service life of basic roots and 
checkers k. D. Akol’tsev and V. B. Kaplun 
(Metallurg., 1960, (1), 14-16) The low service 
life of basic roofs is due to spalling during hot 
repairs; between 30 and 60 mm crumble each 
time the temp. drops to 900°. This is due to the 
expansion of the brick saturated with iron 
oxides, the concentration of which rapidly 
increases at the expense of MgO which dimin- 
ishes. As a first preventive measure the roof is 
heated during hot repairs. For this purpose a 
burner has been constructed of a capacity of 
1500-1 800 m*/h which works with compressed 
air at a pressure of about 4 atm. Regarding 
checkers a special construction is proposed for 
the checkers of dinas chromite and magnesite 
chromite bricks. 

Service life of OH furnace roofs N. N. 
Kirillova and Yu. V. Radina (Metallurg., 1960, 
(4), 17-20) A summary of the general position 
regarding magnesite-chromite roofs which at 
the beginning of 1959 were used in over 90%, of 
the OH furnaces and were responsible for over 
96%, of the steel melted. The conditions of ser- 
vice and the various improvements introduced 
in a number of plants are reported. 

Shortening fettling times of furnace hearths 
M. R. Shelovanov and I. A. Vasserman 
(Metallurg., 1960, (1), 22-23) A new method of 
fettling the hearth after main repairs is indi- 
cated with a special slag of 10-40 mm grain 
size laid down in layers melted on separately. 
The total time for a 240 mm thick layer is 
354 h. Such ‘prophylactic’ repairs are carried 
out at the Uzbek Metallurgical Works after 
every 60 heats. 

Use of manganese ores in the scrap process 
when working on low manganese pig iron Yu. 
A. Kamenskii (Metallurg., 1960, (1), 16-18) 
Results from experimental melts have shown 
than an increase of manganous oxide in the 
slag by charging in the OH furnace a propor- 
tion of 1-0-1-5°,, manganese ore on the weight 
of the total charge is a very effective means of 
desulphurization of the metal. When cold low- 
Mn pig iron is used, Mn ore can also be added in 
the finishing period, when an increase in the 
Mn content in the metal is accompanied by a 


reduction in the sulphur content. The use of 


this ore also considerably reduces the con- 
sumption of Fe-Mn in the deoxidation of steel. 

Use of iron from the hot-blast cupola in the 
open-hearth furnace PD. Rabe (Stahl Lisen, 
1960, 80, Aug. 4, 1083-1084) An OH works 
that did not make use of a liquid charge, built 
a hot-blast cupola for providing the necessary 
quantities of liquid iron. It was found that all- 
round savings were made when about 40°, 
liquid iron was charged to the OH furnaces. 

improvement in the productivity of an open 
hearth furnace of 70-80 tons capacity fired 
= rich gas and tar A. le Moyne (Rev. Mét., 

1960, 57, May, 409-422) The characteristics 
are dese ribed of the 70-80 t Maertz furnace at 
the Thionville steelworks of the Société 
Lorraine-Escaut, and the results of trials 
firing with various flame strengths and using 
coke oven gas with and without tar additions 
are reported. 

Direction and practical results of research 
carried out recently in France with the aim of 
improving open hearth firing conditions L. 
Septier, M. Riviére, and G. Husson (ev. Mét., 
1960, 57, April, 303-310) The results of 
research over the past 10 years are reviewed; 
they include increasing the reaction impetus at 
the burners; improvement of heat transfer by 
increasing radiating power of transparent 
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flames; carburation with a liquid fuel or pure 
oxygen, use of multiple burners traversing the 
arch; and control of the rate of oxidation of the 
charge during melting down. 

Use of cold gaseous fuel for firing open 
hearth furnaces (. Decamps (Rev. Mét., 1960 
57, May, 397-400) The type of fuel, burner 
design, and flame control are outlined, and it is 
shown that an increase in production of at 
least 6°, is obtained in the manufacture of 
dead-mild steel by using an excess pressure of 
1 kg at the burner. The effects on iron oxida- 
tion of atomizing with air or steam are re- 
ported. 

The concept of quantity of movement at the 
burner and the firing of the open hearth furnace 
M. Riviére (Rev. Mét., 1960, 57, April, 297- 
301) Characteristics of free jets and the effect 
of combustion on these characteristics are 
examined, and the influence of enclosure on a 
flame jet is studied. The conception of ‘quan- 
tity of movement’ and of intensity of com- 
bustion in OH turnaces fired with pre-heated 
lean and rich fuels is investigated. 

The melting of high quality steel in natural 
gas fired open hearth furnaces V. A. Kudrin, 
G. N. Oiks, 8. P. Sorokin, Yu. M. Nechkin, 
M. V. Glushtsov, B. P. Nam, M. P. Lapshova, 
A. A. Yudson, O. D. Petrenko, and V. P. 
Adrianova (Stal’, 1960, (7), 599-602) The 
change in heating conditions and in furnace 
atmosphere in natural gas firing requires 
changes in practice. These factors, especially 
flame structure and the influence of frothing in 
the slag, are discussed, overheating of roof and 
checkers is also encountered. 

The effect of the type of the kinetic process of 
decarburization on the content of hydrogen, 
oxygen and nitrogen in the metal ©. LD. Zorin 
(Izvest. VUZ Chern. Met., 1959, (11), 39-41) 
Three types of kinetic processes of decar- 
burization are distinguished according as the 
rate of decarburization is constant (Type I), 
decreases (IL), or increases (III). The factor 
considerably influencing the H, concentration 
during the boil is the rate of decarburization. 
The excess of O, in the metal above the equi- 
librium concentration with carbon is greater 
by a factor of 1-5 in Type I kinetics than in 
Type IIL. The N, content in the metal does not 
depend on the kinetic s of the process. 

The refining of alloy steels with liquid syn- 
thetic slags S. G. Voinov, A. V. Korneenkov, 
ms We Petrov, Ya. M. Bokshitskii, A. I. 
Markelov, A. G. Shalimov, L. F. Kosoi, O. M. 
Chekhomov, bane G. A. Khasin (Stal’, 1960, 
(7), 611-618) Trial heats of ball-bearing, struc- 
tural and stainless steels in basic are furnaces 
were treated in the ladle with synthetic 
prepared in a 10-t are furnace. The construc- 
tion of this furnace is described. This process 
increases steel quality and much improves out 
put. S is reduced and mechanical properties 
are improved. 

Improving the desulphurization during the 
melting of high carbon steels V. (@. Kravtsov 
and B. A. Rogulev (Metallurg., 1960, (2), 17 
18) The new method is based on a charge con- 
sisting of 60%, liquid iron and 40%, scrap. 
11-12% limestone and 2°,, bauxite are added 
to the charge depending on the chemical com 
position of the iron. This ensures, at the end of 
the melt, a highly basic liquid slag with excess 
CaO, which is necessary to obtain good de- 
sulphurization at the moment of deoxidation, 
when sulphur content falls to 0:02° 

The behaviour of phosphorus in the bath of 
the OH furnace during refining A. I. Strong- 
anov (Izvest. VUZ Chern. Met., 1959, (11), 23 
29) The well-known beneficial effect on de- 
phosphorization of a highly basic slag with a 
large proportion of iron oxides but little MnO, 
and of a bath with a small Mn content has 
been experimentally confirmed. It has also 
been established that the optimum value of 
FeO increases with increasing basicity of the 
slag, obviously owing to the increasing concen- 
tration of Fe,O, in it. This increases also the 
fluidity and reactivity of the slag by increasing 
the ratio (%P,Os5)/[%P] which is taken as the 
index of dephosphorization. 

The distribution of chromium in basic OH 
furnaces S. Buzila (Met. si Constr. Masini, 
1960, (1), 37-42) The investigations were 
carried out in the process of melting 40C10 


slags 








steel (0°35-0-45°,.C: 0-50-0-80°%,Mn; 0-80 
1-10°.Cr; and 0-17-0-40°,,Si) on an industrial 
scale, in the normal way by alloying with Fe 

Cr and with recovery of the Cr from the 


charge. The study was based on the variations 
of the free energy of oxidation based on rela 
tions which can be verified in practice such as 
4/3 Cr+ O,= 2/3 Cr,O,; and 2C + O,= 2CO. By 
calculating the free energy from the oxidation 
reactions of the principal elements in the OH 
furnace both between 200 and 2000", the varia 
tion in the free energy was obtained. It has 
been established as a first result that to work 
with only small oxidation of the Cr, the temp 
of the process should be so adjusted that the 
Mn content increases continuously by regen 
eration from the slag and not by additions of 
Fe—Mn. ( (2), 107-111) The Cr distribution co 
efficient increases with O, con tent in the bath 


according to %(Cr)/® 7c r)= 3-57 x %[O 
4-01 + 1-5 and falls with the temp. of the bath 
ery S| to %(Cr)/%[Cr] 00-0504 ¢t 
84-4+1-5. Bath temp. affects the distribution 


ratio of ¢ r both directly and through other 
factors, for example, an 
slows down the rate of oxidation of Cr and of 
Fe etc. The Cr distribution ratio increases with 
the iron content in the slag and decreases with 
increasing carbon content in the bath 

Air-cooled stopper for the pouring —_ 
A. V. Malakha, . Sladkoshteev, A 
Ofengenden, A. V. Eliosof, I. 1. Dri 0 v Ag 
Yu. Z. Babaskin (Metallurqg., 1960, (4), 21-24 
At the OH shop of the STALIN Metallurgical 
Works, rimming, carbon, killed, and alloy 
steels are cast uphill into 3-4 t ingots. The 
ladle capacity is 130-135 t and pouring takes 
from | h 10 min to 1 h 30 min 
stopper unit is described suitable 
conditions of pouring through a 
opening. 

Flames and furnaces 
a chamber M. W. Thring (/ron Steel, 
1960, 33, March, 119-120) Results of calcula 
tions on radiation from the flame and the heat 
available in it have verified the view of prac 
tical sateelmakers that the optimum flame in 
the open-hearth furnace is different at different 
stages in the melt. The optimum flame con 
ditions for three stages in the heat are dis 

cussed. 

Improving the organization and control of 
OH furnaces by means of the flame A. A. 
Dobrokhotov (Metallurg., 1960, (4), 14-17 
The experience relates to the 185 t OH furn 
aces of the Chelyabinsk Metallurgical Works 


increase in temy 


An air-cooled 
for different 
55 mm dia 


heat transfer in 


where the effect of the rate of air flow, of the 
construction of the uptakes, ports, bafft 
plates, the proportions of air/gas, et« were 


studied for a number of vears. A combination 
of changes in these different factors have re 
sulted in an increase in the vield by 8-12‘ 

Using the steam from the evaporation cooling 
system of OH furnaces A. S. Balandin (Pron 
ysh, Energ., 1960, (5), 13-16) The low-pressure 
steam from the evaporation cooling system of 
OH furnaces may be utilized in full for heating 
the works The system of cooling 
simplified and cheapened by installing the 
waste heat recovery boilers directly at the 
furnaces and especially by equipping the m 
with pumps 

The use of models in the study of the design 
of metal recuperators K. Kremer (Hutn. Listy, 
1960, 25, (3), 170-178) Experiments with 
model recuperators designed according to 
principles of similarity theory are described, 
and these principles are considered. It is 
shown that useful indications of desirable 
features in the design of recuperators can thus 
be obtained. 

Reserves of labour productivity in the OH 
furnace shop V. M. Abaev (Metallurg., 1960, 
(1), 23-24) At the Magnitogorsk OH furnace 
shop No.2, productivity has increased since 
1953 from 240-2 to 302-7 t per man. This was 
secured by a fuller use of the equipment, re- 


may be 


construction of furnaces, mechanization of the 
labour-consumimg Operations, new and im 
proved lining and roof bricks, increase in the 
capacity of furnaces etc, 

Methods and results of psychological work 
studies in open-hearth practice (. Herrmann 
and W. Naumann (Bergakademie, 1960, 12, 
Feb., 57-64) 
earried out 


Psychological work studies were 
on a large 


» number of operations in 






OH melting, and a statistical analysis is given 
of the results of various operations such & 
sulphur removal, and contents of various el 
ments in the finished steel, referred to various 
members of the furnace team 

Fettling electric furnace hearths P. L. Piro 
zhenko (Vetallurqg., 1960, (4), 35) The former 
method of fettling the 3 t electric furnaces 
(1500 kW transformer) at the ‘Azovstal’ was 
changed in 1953. The dard magnesite 
powder is dried in a gas oven. The 
60-63°,, 4-7 mm dia. and the remainder under 
1 mm. This size permits the filli up of the 
interstices between grains and promotes the 
formation of a monolithic mass. The service 
life now reaches 5000 melts 

Electric smelting on a contract basis { Birle: 
Efeo (Melting) Ltd Sound. Trade J 1960, 
108, March 10, 301-302) For the first time in 
Britain, a contract service has m va le 
available for electric smelting and a pilot se ant 


grain size is 


been 


built by Birlec-Efeo (Melting) Ltd, is now in 
operation. Erected primarily to nace ong the 


development of electric 
find out the 
rea pl iance and the economics of metal extrac 
tion from it r.G 

Electric smelting on approval —pilot plant at 
Aldridge | Birlec-Efeo (Melting) Ltd] (Jron Steel, 
1960, 33, March, 105-106) A desk ription of the 
Birlefco electric pilot smelting furnace at 
Aldridge and its uses. 

Discussion on the lectures on degassing pro- 
cesses for steel (Berg. Hiittenmainn. Monatsh., 
1960, 105, June, 155-157) Among other items 


discussed were the economics of the degassing 


smelting, a user may 
behaviour of his ore in such an 


processes, @ suggestion to use a mains-ire 
quency induction-heated holding ladle 
circulation de 
advantag 


tor the 
which has the 
that it agitates the melt, -_ the 
effect of ji iin vacuum-treated steels ( 

A study of the production technology of mag- 
netic soft steel L. Kodrle and J. Wozniak (Hutr 
Listy, 1960, 15, (4), 253-260) A detailed 
statistical study was made of the effect of pro 
duction variables on the 


gassing process 


quality of magnetic 
ntaining 0-O1-0-05°,4 Phe 
ind to affect quality most, and 
production conditions assuring optimum grain 
size were established. In 20 in wide strip, 
vacuum de of the melt was found t« 
reduce the O, and ¢ —— but did not 
affect the abe Soren j 

The use of NiO in alloying steels I. Fuéik and 


soft steel strip c« 


grain size was to 


gassing 


J. Skala (Hutnik, 1960, 10, (3), 115-118) Apart 
from a slight increase in the coke consumption 
in making 18/8 steel no deleterious etfects were 
observed on using Ni inst tead of Ni fo alloy 
ing. The use of oxide in making ste ontalil 
ing up to 8”,Ni is urged as this facilitate 


significant econor 


improvement in the production of 10G28D 
(MK) steel V. M. Be dnyakov, M. F. Lepin, and 


G. A. Chikalenk Vetall , 1960, (2), 13-16 
Steel of chemical compositior 0-12°,C, 1-30 
1-35°,.Mn, 0-8 -1-1°Si, 0-15-0-30°,Cu, and 

0-04 , 0-04 O30 , and 0-030 8. P, Cr, 
Ni respectively. A rather complicated che 





in the normal process permits a reduction by 
10-15 min of the melting time. The use of 45 
quality Fe-Si is discouraged. The spots and 


stratification defects with the normal 


iated almost c« 


usual 


process are elim 





ynpletely with 
the new process. 

Norms for designers of ingot moulds |). |’ 
Piu (Hierro y Acero, 1960, 13, Feb., 183-217 
\ study in three parts describes: (1) the cor 





formation of the moulds with a view to redu 
tior t iste from tensile or superficial cracks 
(2) the resistance of moulds relative to t} 
metallographic structure and composition of 
the casting used; (3) the length of life relati 


to the system of treatment in the pouring, wit! 


insistence upon the importance of preheatiu 
the increase of temp. during and after 7 
the period of stor: 
rties of 
Bystt mi of pe urin Ss 

Manufacture ot ingots by the (Brazilian 
National Steel Co. (CSM) W. Kryvicky) and 
H. M. Havdt ( Bol iss. Bras. Met., 1960, 16, 
April, 273-311) A comprehensive deseriptior 
of the manufacture 
teristics of ingots manufactured at the Volta 
Redonda plant of CSN is given, 





the prope 


properties, and charac 


and causes « 
structural alteration and failure are dis« 
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improving - mget of — steel of average 





weight A. N konts Vetallur 1960 
21-22) The tri I e dur the last few 
years at the Chusovs halen il Works t 
alter the shape, and tt height /dia 
ratio of the mo l ibed which r 
sulted finally in ung an ingot 17004 
with a ratio H/D of 4°5 ensuring best steel 


quality 
Casting of steel. Large cast ingots for forgings 
Structure Kk. Ferry (( du ( /, 1960, 
No.50, pp.41) The method and most 


itat 
conditions for casting large ingots ar i i 
in detail. Defects in large ingots are dealt with 
in partic pul with reference to casting con 


ditions (14 re R 
cedeension “the mode of cooling of ingot 
heads by exothermic powders and sleeves | 


Smrha and I. Brod Hutn. / sty, 1960, 15, 
4), 266-275) Possibilities of achi nig 

trolled solidification of ingot feeder heads are 
surveyed, and the scope of ious method 
discussed The development f exothermn« 
insulating bricks in the Ostrava St vor is 
described. These facilitate reduction of ingot 
head losses to a minimum in the cas of amall 


ingots P.F 

Lag! causes of overheating and burning of 
steel J. Elfmark and L. Toman (/futn. Listy, 
1960, om , 3), 200-207) Overheating and burn 
ing were studied in several structural Cr—Ni 


steels. The principal cause of both effects is the 
segregation and eventua 6 amc lg and 
P-rich phases at the grain boundaries P.F 

New electric melting plant at seen Oak 
Steel Works W.S. Walker and J Whitfield 
Iron Coal Tradea Re 1a6o ise, April 22, 
917-924) Choice of site, lavout, the furnaces, 
and the variou wncillar installations are 
pete iesechatenel oy Klectrical suppl ontrol, 
and instrurm itation ar aise al 


Working ‘conditions and officioncy of large 
arc furnaces for steel melting Hi. J. Forst 
(Klektrowarme, 1960 18, Jun 192-196) The 


electrical working conditions for lars arc 
furnaces are derived and the results of operat 
ing a modern SO-t furna for steel + lt 
from the point of f power imption 
and etheiency are 


peveinamaah of olectric arc deranees in the 





USSR (a discussion) LL. 1. Aronov (Stal’, 1960 
6), 518-519) Eeconor f electr heatin 

the USSR where 7°7 f th t« adieu 
this wa oo castir md 40 ingotea ar 
discussed. Dy — nt of duplex processes 
ana . oT QO, 1 l¢ ‘ 

Electric steelmaking in “india D. P. Chatter 
jee (fron Coal Trade Res 1460, 180, Apr s 
807-813) Installations l the first in 120 
furnace ies re uit t h-frequ Vv 
furnaces, tl Lise { O,, and par 1s tr 
the OH 1 re d 

Electric reduction furnaces W. S. Emrich 
b 1BM, 1960, 16, Jan., 97-109) An 
account of tt Ow itt furnace at the 
Mannesmann plant is given and details of their 
yperation are s pl It is cor wie tha 
development of this process in Brazil ce 

entially on the availability and tof 
quantities of ene vy. | Mannesmanr 
in recent years show that th } 
marked advantages, part ilarly in med 
sized plants P.S 

Metallurgical study of electric furnaces: 


physico-chemical preamble (). Grenier (J. Four. 





hlect 1960, 65, Mar April, 1-93) A sum 
mary, overing var I8 aspects of the opera 
tior lect furna nelud la of 
Mn ar of Si, decarburiza lept phoriza 
tl and a Peg i, With their attend 
ant tormulae 

Principles goveraing the dimensions . elec- 
tric reduction ee M. Morkram Four 
Klectr., 1960, 65, March—Ay 61-63 aad 
nical review, in which yveneral prineipl if 
r st I iting, fi it ir rit t! 

iA i liat i i r ana 
fa i trodes r nN pr 


‘Considerations of the principles of high 
—- en of electric reduction furnaces 


S.B 8 r “ur 


/ tr., 1960, 65, Mar: 
Aaeil, 86-80) A sketch of 1 rous ideas 
the propagat ' t int tint ¢ h 
nical literature of diff t intries, tl 
suggestions for ! 8 temat Btud and 
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coordination, together with the use of electronic 
computers for the complicated 
calculations S.H.-S 

Magnetically soft iron nickel alloys J. Papp 
(Koh. Lapok, 1959, 14, Oct., 437-441) Hun 
garian experiments on the production, working 
and heat-treatment of magnetically soft Fe-Ni 
allovs such as Permalloy B (45°,N1) and Perm 
alloy C (78°5°,Ni, 4° Mo) are reported. The 
melted in a 50 kg medium-fre 
furnace argon blast for de 


solution of 


alloye were 
quen Vv usiny 
Passiny A 
Technicai and economic steel production 
indices for O.H. and electric furnaces using 
silico-chromium M. 1. Kolosov (Stal’, 1960, (6), 
568) Type 20 Si-Cr (17-224%,Cr) but not 40 
Si-Cr (38-42°%,Cr € 
in OH furnace In 


with ady 
furnaces type 40 


in be used 
electric 


antage 


ean be 
The “ere of steel type St52 1.. Schott 
ner (Ae Lapok, 1959, 14, June, 233-238 
July, 0 308) After reviewing the develop 
ment of St52 on the continent and discussing 
the influence of rolling temp. on its mechanical 
properties, the author describes in detail the 
production of this steel in Ozd, Hungary. The 
accepted was as 
0-40-0°55°. Si), 0-95 

0-15-0°35%, Cu, 0-045°.S max., 
steel in the ladle was 
Vi (Ti 20-25%.) plus 


chemical analysis of the casts 
follows: O-14-0-18°.C, 
1-25°, Mn, 
0-045°,,.P max. The 
treated with 0-50 kg Fe 
0-70 kg Al/t of steel P.K 

improved method of producing St5 semi- 
killed converter steel V. (. Malimovski and 

S. Babii (Stal’, 1960, (6), 513) A note from 
Enakie vo A method with Fe-Mn and Fe-Si 
with adjustment im the mould with Al powder 
was the best of five tested. Improved method 
for deoxidizing killed steel (513) Fe Mn in the 
ladle without previous Fe-Si treatment in the 
furnace reduces melt time and saves Fe—-Mn. 

Uses of mischmetal in steels ©. Bradaschia 
(Bol. ABM, 1960, 16, Jan., 71-82) The proper 
ties and important applications of mischmetal 
are reviewed. Those covered by patents are 
listed separately. Its applications in Brazilian 
steelworks are described and it is concluded 
that one of the most important effects is that 
of producing fine-grain structures (23 refs). 


A machine with a new type of centrifugal 
atomizer for applying ingot —— dressings 


V. A. Kuznetsov, D Titov, Ivanov, 
S. M. Tsekhnovich, rt G. “athe E. 
Dobrodeev, A. D. Fainberg, and V.I. Prizem 
nov (Stal’, 1960, (6), 514) A multi-dise centri- 
fugal spraying device for coating dressings 
internally is shown 

The effects of different ingot mould elements on 
ingot economics 8. M. Bobrovskikh and A. G. 
Nikolaev (Stal’, 1960, (6), 502-504) Remelting 
of unserviceable moulds and rules for deter- 
which replacement 
becomes economic on account of the increased 
amount of dressing needed are discussed, and 
improved feeder head taper, ingot bottom 
shape, and weight calibration are also con 
sidered 

Comparison of linings of bricked and rammed 
ladies Y. Jouhaud (Centre. Doc. Sidér. Circ., 
1960, (2), 497-501) A report is given on tests 
for damage undertaken at the 


mining the point at 


Mont-Saint 
Martin plant with comparative figures of the 
use of eight bricked and eight tamped ladles. 

Pouring of 5 ton Bessemer steel ingots with 
jets of 70 mm at pouring orifice ~. Kempe and 
~. Papier (Centre Doc. Sidér. Circ., 1960, (2), 
477-484) An of production by the use 
of 80 mm jets, in place of 40-45 mm jets using 
plain, not enriched, air, with an Improvement 
in quality of ingots is described 

A comparison of technical and economic pro- 
duction indices in the teeming of rimming steel 
for cold rolled sheet uphill or from the top 
A. N. Morozov and M. M. Pischikov (Stal’, 
1960, (6), 568) Uphill casting gave 3-5 times as 
many rejects as did top casting 


Increase 


S.H.-S8. 


PRODUCTION OF FERRO-ALLOYS 


Production of ferro-nickel from garnierite by 
reduction before melting IT. D. de Souza 
Santos (Bol i1BM, 1960, 16, Jan., 201-214) 
The preliminary results of an investigation 
with the aim of producing Fe—Ni with a high 
°.,Ni and low C and Si from garnierite are pre- 
sented. Although there are large reserves of 


this mineral in Brazil (the deposits contain of 
the order of 1-8 to 3-0°,Ni and 7 to 15°. Fe 
only one deposit, at Liberdade, is being worked, 
and used to produce nickeliferous pig-iron con 
taining about 22°,,Ni, 2°Si, and 3°.C. The 

briquetted with 
charged with more 
retorts and reduced at 
This follows what is essentially 
iron process and the same furnace 
The product was melted in a 15 kW 
indirect are furnace resulting in Fe-Ni con 
taining as little as 0-06 


as 52°5%, nickel, 


pulverized 
amined charcoal and 
charcoal into Cr-Fe 
900°C for 20h. 
the sponge 


garnierite was 


was used 


earbon and as much 
being better than 
90°. The same process was used to produce a 
mtaining 29-7°.Ni, 585°. Fe, and 
11-6°,S, with 93-5°..Ni recovery, using the 
pyritic residues from a coal washing plant 
Herty fluidity curves for the slags produced 
showed that they had satisfactory fluidity 

Preparation of electrolytic ferro-chrome (.V.u/ 

et. Rep inn. Rep., 1958-59, 10 Acid 
digestion of ore was studied and new designs 
for digester and electrolytic cell were produced 

Production of low-carbon ferro-chrome (Vt 
Vet. Lab. Ann. Rep., 1958-59, 24-25) Pre 
liminary work was carried out 

Production of iron chromium-manganese 
alloy (Nat. Met. Lab. Ann. Rep., 1958-59, 
23) An alloy with 50-55°,Cr and 30-35°,Mn 
can be produced suitable for production of Ni 
free stainless steel 

Manganese and ferro-manganese smelting 
I. S. Plumtree (Jron Coal 1960, 
180, May 6, 1021-1032) The ores are listed and 
the uses of the metal, particularly in steel, ar 
outlined. Blast-furnace production of Fe-Mn 
is reviewed and something is said on are 
furnace production, low-carbon Fe Mn and its 
pyrometallurgy, silicon and aluminothermic 
reduction, and electrolytic methods by ore 
roasting and leaching in addition 

Recovery of ferro-manganese from Joda 
electric furnace slag by the tabling method 
(Nat. Met. Lab. Ann. Rep., 1958-59, 15) High 
grade concentrates could be obtained from all 
but two samples which were very low in Mn 

The ee of ferro- — at the Istebné 
Plant RK. Kubina (Hutnik, 1960, 10, (3), 93-95) 
[In Slovak] The development of output and 
productivity in these Czechoslovak works 
during 1951-9} are surveyed. Recommenda 
tions for measures leading to further improve 
ments in profitability and total output are 
made, — the 
units. 

Ferro- ‘nickel production in Oregon i. E 
Coleman and D. N. Vedensky (J. Met., 1960, 
12, March, 197-201) A description of the plant 
of Hanna Nickel Smelting Co. for the smelting 
of low-grade lateritic using the Ugine 
reduction process 

Ferro-nickel smelting 
C. G. Thurneyssen, J. Szezeniowski, and F 
Michel (J. Met., 1960, 12, March, 202-205) A 
description of a new electro-metallurgical Fe 
Ni plant installed for the production of a 
refined alloy from unbeneficiated ore contain 
ing 37-50 lb Ni per short t. 

The effect of the cooling rate on the —— 
of 75° ;, ferrosilicon Yu. P. Vasin (/zvest. VI 
Chern. Met., 1959, (11), 43-45) The 
this alloy, which have been cooled at a rate 
between 60 and 100° per min show a tendency 
to crumble. A decrease in the cooling rate to 
7-10°/min or less or an increase in this rate to 
150-200°/min or over maintain the monolithic 
structure of the ingots and the uniformity of 
their chemical composition. 

The production and properties of new Fe-Al 
alloys M. oar and A. Kabrhel (Hutn 
Listy, 1960, 15, 260-266) Production and 
properties of Fe. Ml and Fe-Al-Mo alloys 
‘Alfenol’ and ‘Thermenol’ are reviewed. Data 
given in the literature were checked experi 
mentally, and complemented by others relat- 
ing to the maximum temp. at which the alloys 
can be used in practice, and to their corrosion 
resistance in a number of corrosive solutions. 

The problem of the danger of silicosis in 
ferrosilicon works H. Jung and Drees 
(Bergakademie, 1960, 12, March, 157-159) 
Methods of measuring dust concentration, 
radiographic analysis of the dust, and its 
implications in regard to the danger of silicosis 
are discussed. 


recovery 


matte 


Trades Rev 


reconstruction of some 


in New Caledonia 


ingots of 
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FOUNDRY PRACTICE 


Factors influencing the formation of graphite 
or carbides in cast iron A. Bordes (Metalen, 
1960, 15, Mav 16, 149-155) These two final 
instalments of this long article concern the 
formation of secondary graphite and also of 
graphite during the conversion of y 
Lsothermic conversion 18 also tour hed 
together with graphite formation 
conversion temp. F.R.H. 

Factors influencing the formation of graphite 
or carbides in cast iron A. Bordes ( Vetaalinet 
T'NO, 1959, Publn., 65, Oct., pp.40 
reprint under one cover of the long serial 
article which appeared in Vol.15 of Metalen 

Versatility the ‘key’ to activities at the 
Willenhall foundry and engineering works of 
Arthur —— & Company, Limited ( found 
Trade J., 1960, 108, June %, 715-721) A des 
eription of the foundry which is a ‘light’ 
foundry is given on the occasion of the 150th 
Arthur Shaw & Company, 


into ~-1ron, 
upon 
below the 


rhis is a 


anniversary otf 
Limited. —r.« 

Progress from seonment to utility Found. 

rade J., 1960, 108, June 9, 723-726) Brief 
descriptions are given of the anita of Dart 
mouth Auto Castings, Limited; Northern Alu- 
minium Company, L immite d; and British Piston 
Ring Company, Limitec 1 

Mechanized foundry in North Wales ( Found 
Trade J., 1960, 108, May 19, 611-614) The 
nelting and moulding procedures adopted in 
the new foundry of Austin Hopkinson & Co 
at Penygroes, Caernarvonshire, are described 
and illustrated rT. 

Mechanization with flexibility: Details of a 
new flow-production foundry at the Derby 
Works of Ley's Malleable mage 9 Co. Ltd 
Found. Trade. .J., 1960, 108, t . 25, 221-239) 
An illustrated re scription of +0 new foundry 
is presented. The foundry was designed on 
single-shift operation for an output of 250 t 
per week of a fairly wide 
iron castings. T.G. 

South Africa’s newest steel foundry (found. 
Trade J., 1960, 108, March 10, 291-299) A 
detailed description of the foundry at the new 
works of Metals Limited, Germiston, 
South Africa, is given. Melting is done in a 10-t 
Birlee are furnace and serap is used for charg 
heat-treated in gas-fired 
Vellman annealing furnaces r.d. 

The refractory coating of the cupola. 
‘Galdacano Stone’ A. Alonso-Urquijo Balzola 
(Hierro y Acero, 1960, 13, Jan.-March, 276 
284) The method employed in the use of 
‘Galdacano Stone’, a quartz product of the 
Biscay region, for lagging furnaces is des 
eribed and the composition and properties of 
the st« *n in detail.—s.H.-s. 

Selection of biowers for cupolas (*J. d'Inf 
Tech. Indus. Fonderie, 1959, (102), Jan., 1-3) 
This is a translation of an article which follows 
a series of papers on the phenomena which 
accompany the working of centrifugal blowers. 
Methods of calculating the blowing 
rate are described, 

Fluctuations in the chemical composition of 
white cast iron on meiting in the cupola Z. 
Hostinsky (Slévdrenstvi, 1960, 8, (5), 181-188 
White temper iron is made predominantly in 
cupolas in Czechoslovakia. It is shown that 
pending the introduction of more up-to-date 
methods it is possible to reduce fluctuations in 
chemical composition of the irons, frequent at 
present, by attention to certain points in the 
production technology, and by slight changes 
ivtlan teeahaie ai es omeelen, P.F. 

Loss of elements by oxidation with cupola 
melting of cast iron A. V. Kaibichev and V. P. 
Chernobrovkin (Izvest. VU Z Chern. Met., 1959, 
(11), 113~—118) The smallest loss of the elements 
(C-0%; Si-10°%,; Mn-12°%) occurs when 
melting pig tron in the zone of maximum temp. 
Che carbon loss in the viscous liquid iron is 
governed by the temp. of the droplets detach- 
ing themselves from the The higher the 
ternp. the smaller the loss. Si loss is reduced in 
the reduction zone but increases in the oxidiz- 
ing zone. Loss of Mn decreases with a reduction 
of the height of the melting column in the re- 
duction zone of the cupola but increases in the 
oxidizing zone, and 8S behaves similarly. 

The effect of metallurgical variables on the 
mechanical properties of castings made from 


range of malleable 


Scaw 


ing. The castings are 


me are give 


necessary 


pigs. 





13°.,Cr steel melted in the induction furnace 
J. Koutsky Hutn. Listy, 1960, 25, (3), 179 
188) The effects of variations in the chemical 
composition and in the production technology 
on the steel quality were studied. Optimum 
production methods were ascertained P.F. 

The use of high quality cast irons to reduce 
the weight of machines ©. Stefaneseu (Met. # 
Constr. Masini, 1960, (1), 8-14) The problems 
raised by the substitution of high quality cast 
iron to reduce the 
considered. snoculated cast irons can now be 
produced with spheroidal or comma-shaped 
graphite and also ductile irons, all with higher 
mechanical properties so as t 
valuation of the 
components. 

The organisation and capacity of the foundry 
rg | in the United Kingdom - R. Parkes 
Koh. Lapok-Ontéde, 1959, 10, Ox 
Che paper contains a lecture 
author on behalf of the Institute 
Foundrymen at the Internation 
Conference in Budapest in 1959 I 

The probiem of presuatiety & in the foundry 
and elsewhere) (3. Halbart (Fond. Belge, 1960, 
0, (5), 138-139) The author postul 


theory of ‘generalized production’, base« 


weight of components are 


allow of a re 


dimensions of cast machine 


the different funda 
WOTK, Of capital 
This in the final 
mor ian the profi octrine of ¢ 
nev ruise, a conce Vhuich he 
iseful, is neither { tmental nor et 

Mechanized ‘foundry or ee span 
Austin Hopkinsé ». Ltd (Ove 
yee, 33, a 
200 t per month of g 
up to $t is ce ernbed 

Progress from ornament to utility: survey of 
Midiané Werks Found J., 1960, 108 


2. 675 46 


Humbe 
Beans ndustries Dupe 
Bilston Foundries 
Design, construction and operation of a small 
experimental cupola I Lacerda Santo 
i ¢ q; ; j 1960, 16, uw 


eal tained (18 re 

_— hot blast cupola and its economy k 
Var and F — ma Koh. Lapok-Ontéde, 
base 10. 9 D5 ¢ eV ie t th 
advantages of the 1 blast cupola and d 
cere: Be 
introductio 
the basis of tech eal and eco 
tions K 

Melting ee ys iron je the cupola 
L M: I / e, Od! 
10, r } . vier 
expert on reiting superhea 
about 1500 C in cupola furnaces 
blast or © } 

Special modification of the cupola process 

Friedel (Giesse 1960, 6, May. 143 

145) Mechanization of the casting process and 


the modern trend of reducing the 


reitech 


wall thick 
ness of castings both require an iron of exce 
lent fluidity and of a temp. higher than 
as holding 


Various hit 


usual 
n emploved. Of the 
this aim the addition 
of CaC, was chosen. Optimur 


furnaces are ofte 
ans to achieve 


results were 
found with an addition of 2 on thei a 
mp. increases of about 45 © with correspond 
ing increase in fluidity were observed, a further 
increase accompanied the two desired, namely 
that of the wear of the lining of the cupola 
_ High frequency coreless induction melting 
S. Sharma (J. Inst. Eng. (India), 1960, 50, 


Feb., Part 2, 231-248) One 
rectification, } 
and safety are considered in some detail 

Production of high quality cast —_ ty 
basic-electric arc melting ‘ Zotos 
Industrial Tech. Conf. on ! l 
1957, 16-17 PB 1513 
ating procedure for pre 
1045, 4140, high-Ni 4325, 4330, an 
4340 steel castings with an average 
of 0-008 and an average P 
O-OL0 is discussed. Improved 
properties due to the low S and P 
claimed 

os ga Diamond Alkali ¢ 
Trade J., 1960, 108, “a 1 14, 462) A rotating 
drum for increasing me ag ontact is 
deseribed 

Desulphurization of cast iron for special 
— Bradaschia (Eng. Min. ¢ Met., 1960 
31, , 57-62) [In Portu 
TBA 

Desulphurizing of cast iron by an > aarp 
process K. Yoneda, M. Okar , 

1959, 31, May, 


quipment des 


ratior 
electrical equipment, protec 


IS Oct.; 


mdiucing 


20 rets A.K 


Consideration as to the relation between the 
qualities of cast iron and its oxygen content 
M. Homma (/ 59, 31, M $77-485 
The heredity « i th fforer . 


jual 


A review of high strength cast iron 
Amitani (Jor 195%, 31, Ma 4160-476 lr 
lapanes 

The production of die cast ductile iron belts 
- flexible oe joints R. H. Green (B 

Puno ~ > { 


treat? nt 


Machinable chill castings 


Cast is iron as modified by CaCN., 


_ 1959 , May, 498 509 


wen silicon alloy castings | I 


Ontode, 1W59 


r reports Hur 
asting of Fe 
meer ny 
ani © «¢ 
fi and nitr 
ment I + 
Some studies on the improvement of high- 
silicon cast iron M. Okamoto, T. I and K 
Majima (Jmono, 1959, 13, J tly, 637-644) Thi 
paper describes the results of investig 
the mechanical and 


ations of 
properties of 
high-silicon 


uunts of Ti. 


orrosi 
ntaining SI all am 


cast iron co ra 


B, C, Cu, Ni, or Mg using the elec 


Journal of The Iron and Steel Institute 


cylinder linings of $6. 
A. Chu Vet ( 
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esistance w and hardness 
estimation of the corrosion loss in various 
ds, and the examination of microstructures 
” Experiences in the production of cgrpeery 
magnet alloy castings (). banky (Koh pe 
Ontode, 1959, 10, July 163 70) Afte 
ng the developr rr , 
1iove, the author des 
AIN:, AINICo, and 
magnet alloy castings u Hungary 
Production of — castings of ‘cast iron 
M. Loeb (Bol. AB 1960, 16, April, 423-434 
\ discussion in an oF meetit at the XIV 
Congress of ABM, Belo Horiz j 1059 
Ferroalloys and inoculants tor - production 
high-test grey iron H. H. Wilder 
ero, 1960, ae Jan.-March, 246 953 rhe 
production I ! 


tensile r 


“ tv aat 

s;O000 S000 

Hoot 

t h-test ¢ i 
;O0O00 and 40000 | 


nteda 


‘Design ot high uty iron castings 
) 1u6e 3, April, 


Practical experience with magnesium inocu- 
tated cast iron |.. A. B V. Z. Ga 
M. bgt 


eM 


Sussiiestion of nodular cast iron by thick- 
nesses A. Arasti Abaunza (H 
1960, 13, Apr 14 rt 


Investigation of some problems regarding 
iron A sl diese! motors 


f the metal and tl 


Graphic secctutlon of the » caleatation of risers 
with the use of exothermic aids (. San J 
Seigland (f/ A 1960, 13, 


[os 


Influence of risers on the cost of metal in a 
moulded casting |). | 
Ve, 1960, 13, | 


ised on 1000 ca 


Experience in the menuiastere m4 a casting 
liable to piping |). J ‘ 1960, 47, 
June 16, 329) A seriptior ating 


1adampi 

tavestment ho a of high- a ory i2" 
chrome steel H. Schineid 
1960, 108, May 5 


er pre 
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the border between the phase fields of all- to a disintegration of the surface. In this part 
martensitic and martensitic/austenitic steel. the theory of the causes of this defect is dis- 
The final mechanical properties depend largely cussed and preliminary studies for finding the air melting, tensile strengths of eight types of 
on a heat-treatment T.G. actual causes are described. .G cast iron were increased by decreasing the Se 

Casting and die moulding of spiral castings An investigation of hot tearing in steel cast- value: for the same Se value the tensile 
for agg yea Gomez Oliva (Hierro y ings K. Beckius, M. C. Flemings, and H. F. strength of vacuum-melted cast iron was 
Acero, 1960, 13, Feb., 146-151) The process in Taylor (Jerniont. Ann., 144, (2), 109-132) A always 5 kg/mm? higher than air-melted cast 
use by Talleves F. Gomez of Zaragoza is des- test casting moulded in a standard flask was iron. (3) In the vacuum melted cast iron the 
eribed and a claim is advanced for reduced cost used, which measured susceptibility to hot structure consisted of eutectic graphite and 
and improved form of casting as against cur- tearing without special instrumentation. Influ- ferrite with relatively small C contents while 
rent practice elsewhere 8.H.-8 ence of sand strength and composition and in the steel melted in a vacuum the structure 

Composite ee -process moulds (i P. Welch pouring temp. was examined; anexplanationis consisted of massive graphite and pearlite 
(Found, Trade J., 1960, 108, March 3, 261-263) given of the relationships between feeding, without free cementite. 


The moulding technique by the Shew process casting design and external hot tearing and the Vacuum degassing of steel. Part 1. Literature 
for casting two bolsters in steel each weighing formation of internal hot tears in steel castings. survey, and preliminary work |). 1°. Parsons 
about 300 Ib is deseribed. Sillimanite was It is concluded that internal and open tears and W. A. Morgan (Canada Dept. Mines 
used as the moulding material, it was found can be eliminated by adequate feeding Techn. Surveys, Res. Rep. R47, 1959, May 25 
that this included some volatile material which Ultrasonics improve mechanical properties pp.75) A survey of the literature on industrial 
produced small surface cavities in the casting. J. F. Wallace (Proc. Ind. Tech. Conf. on Metals scale vacuum degassing and casting of steel in 
High-temp. firing of the mould will prevent Processing, 16-17-18, 1957, Oect.;: PB 151308 USA, Germany, and USSR is followed by an 
these defects in future 1 pp.10) The application of vibrational energy to account of work with an experimental 500 Ib 
Electrical analogy to the ‘flow of heat from =e solidifying metals for refining the 
casting to mould J. H. Gittus (/ron Steel, 1960, grain size, reducing s¢ 
33, March, 91-95) The concept of transient the casting detail 


separation of free cementite or ledeburite, in 
contrast with air melting. (2) In vacuum and 


as-cast’ vacuum stream degassing unit at the Physical 
gregation, and improving Metallurgy Division, Mines Branch, Depart- 
in certain specific cases is ment of Mines and Technical Surveys, Ottawa 
heat flow is explained and compared with the discussed (9 refs). A.K (15 refs), 

flow of current in an analogous electrical cir- , investigations on pin-holes of steel castings Vacuum degassing of steel J. Verdi (Koh. 
cuit. The method of converting the thermal J. Czikel (Koh. Lapok-Ontéde, 1959, 10, July, Lapok, 1959, 14, Dec., 569-583) In the first 
constants to their electrical counterparts is # 57-163) The results of recent m ts: anaki y, part of the paper, the author discusses tho- 
described, and the analogy is applied to the and moulding experiments in East Germany roughly the mechanism of the removal of Hg, 
suggest that the cause of pin-holesin steel cast N,, and CO from molten carbon steels under 
The behaviour of mould materials when ings may 2 not only gas porosity as previously vacuum and proves theoretically that the 
rapidly heated in conjunction with the occur- elic ved, ut also piping.— P.K. limit of vacuum for practical steel 
rence of scab formation H. (. Levelink 
(Metalen, 1960, 1§, July 15, 220-224) This 


article follows up one which appeared in vol.11 


case of a steel slab cooling in a sand mould. 


degassing is 
} I rovides ¢ yvdros . 

Geen processes for cleaning and finishing ®20Ut ! mm, provided that the hydrostatic 
castings S. A. Jannini (Bol. ABM, 1960, 16, — Pressure is low, as in stream degassing. In the 
Jan., 187-200) The various processes generally second part, he reviews critically the various 
(1957) of is journal and the author now deals in use i dries are described and compared melting techniques, methods of stream de- 
Hygienic problems in foundries J. Bansigi gassing, and degassing in the ladle under 
(Kol upok-Ontode, 1959, 10, Aug., 173-177) vacuum. The discussion of the paper contains a 
and its isture content, and also the effect The } 
resulting from the inclusion of silica flour. An 
attempt is made to explain the mechanism of 


with influence of sample shape, thickness 
and type of blacking layer, sand composition 


IWyienic probl ns in iron and steel found- short de scription of the experimental stream 
ries, i. effect of gases, heat, and dust on degassing equipment installed in 1958 in the 
human physiology are discussed in the paper electric melting shop of the Lenin Steel Works 
the phenomena occurring during rapid heating ‘ in Diosgzér. On the basis of the 

and to arrive at a correlation between these gained with this equipment, a new anc 


latter and certain properties of the materials VACUUM METALLURGY plant will be constructed there shortly 


lo conclude, comparison is made between Medium and high vacuum pumping systems 50-inch consumable electrode vacuum furn- 

for industrial use with special reference to the ace to be built at Watervliet Works Allecheny- 

the formation of a scab in a mould or on a core steel industry H. Nol Berg. Hiittenmann Ludlum Steel Co. (Indust. Heat.. 1960, 27, 

Further articles are to folow.— F.R.H. Vonatsh., 1960, 105, June, 140-142) The auth March, 550-552) The largest elting 
The behaviour of moulding materials sub- * describes the various types of vacuum furnace is to be built by th TAN Edison 

mitted to shock heating, relative to the appear- yumps for use on large industrial scal 

ance of scabs H. (). Leve Hierro y Acero, equired for the \ 

1960, 13, Ja March, 267) The uses of 


Band I 


these phene ena and those which oceur during 


es as is Co. It will produce ingots up to ! ia. and 
vacuum-treatment of steel 10000 Ib wt., to be used i irge rgings and 
pumps include mechanical pu 8 such as plates for aircraft, rockets, missile 
vane pumps and Root pumps, as well Materials for high temperature ‘furnaces 
ion and ej or pumps, the latter being Engineering 1960, — 10, 774) A dis 


yobination of ssl th ro} Y » Mo, Ta, and 


, bli 
Pand illustrated H.-S us type fy H rt ng purposes of raphit oO ug mp. vacuum furnaces 
Origin and importance of grantor structure arge diffusion or ejector pumps 1s also referred i al 
- castings poured in sand \. Kondic (Hierr to Casting of grey iron in vacuo ©). Necas and 
icero, 1960, eS, Feb., 135-145) The effect of Vacuum melting ond one Effects on t. Kamensk é cero, 1960, 13, 
mnuilar on the propertic oO composition —1 K. G ‘ n Steel, 1960, 1-123) A sab 
t isting t hods o 33, March, 109-112 Ay havi of vark tests.—-S.H 


constituents during vacuun Problems of vacuum ee in the pro- 

cribed, ie. H, O, N, S, at ments, duction of steel 1. Hofmai Hiitten 

including reactive element additions, Vonatsh..1960, 105, J ) : his 
I ‘ Elimination under ame of trace olemonts introduction to a sy 

Observations on internal suptures in steel in ferrous ~~ M. Ole Re Wet. Me 

castings i Mis ff, C. W. Briggs, and H. F. , 1960, 57, ine, +67. $80) On the basis of 

Taylor 1 e 1460, 13, Feb., 124 the « t seribe an expre 

128 - eve ot ptures 1 traight ed f \ 


lat ? } r 
ulated repor tT iabore 


iry 
ielting and castu 


Ss8lon 1S methods my er cluding 

uurn elimina treatment of liquid steel r.G 
P, Al, and Si The effect of a reduction in pressure on the 
rucible play an reactions taking — in meiting and casting 
ival of Al and Si of steel Schwar fergkampf (Bera ston. 


1960, 105, Jun 


Gases in iron. The danger of Al addition Gases in casting. Sagetitentien tests in 1 lecture 


nd. J e, 1960, 6, Jia 180) Defeets in y pomedy Gallo and G. D’Alessandr Hierro y S rn . m melting 
Stings wy ul | ence of g 1960, 13, April, 353-364 rhe functions el, des ry mainly with tl 


dissolved in the metal tA stud rv i ects of O,, H,, and N, on the casting of bility o aturation product 
that H vhiecl is bee ntroduced by rea l bl 


with the 


on, and the slowness of melt an he formation of (¢ 


process im vacuo are des th ] F dependent 
{ 


cause of detec under the surface it 

presence f O-00L to 0-10°%,Al encourag defe nterdendritic microporosities and Model teats : as an aid for the study of the de- 

dissolutior blow-holes in all types of castings after sub gassing process of metal melts {. Kraus ar 
Thermal stresses in steel castings Z. Nagy nitting them to degasification is claimed. O. Winkler (Berg. Hiittenmann. Mona 

(Koh. Lapok-Ontéde, 1959, 10, Dec., 269-274 Sampling on the medium- oe 1 high- 960, 105, June, 135-140) Some model tes 

The author deseri mn es of thermal vacuum furnace H. Baumann, H Domal are described for the study of t ( 

atress¢ n teel stings, ew effects and sky, H. Schenck, and W. Scheibe irch. det 


total disappearance of such pressure 


rs whicn 
ermine the rate of the de iw processes 
approximate calculations, and the methods of Eivsenh., 1960, 31, March, 133-134) Samples are and of the whole 
avoiding and of relieving then P.K taken through 


reaction, e sts reportea 
a furnace fitted with an airlock, include those for solving problems of chemical 

Defects on low-carbon, shell-mould steel which is also used for making furnace addi reaction 
castings. | J. Thieme (Giessereitech., 1960, 6, tions. Details of the equipment and some 
May, 13 37) Shell moulds were used in a results are given. 


kinetics and the eor of material 
transport and heat exchange G. 

The degassing of steel by vacuum stream de- 
foundry for making stainless-steel castings An experiment on vacuum melting of Cr cast gassing during casting at the Bochumer Verein 
with goor uccess, but when using the same iron M. Kikuchi (Jmono, 1959, 31, July, 645 G. Bandel ( Berg. Hiittenmdinn. Monatsh., 1960, 
shell mouk or low-carbon steel, porosity of 651) (1) Cr content in the cast iron can be 105, June, 142-144) This is an illustrated sum- 


the surface was observed that led in some cases greatly increased by vacuum melting without mary of a lecture delivered to a symposium on 
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vacuum melting and casting of steel reviewing 


the new Sochumer-Ve 


well-known 
gassing process in which mainly H 
from the melt T.4 

Some observations made on steels that were 
remelited in a consumable-electrode vacuum arc 
furnace G. Ogiermann (Berg. Hiittenmdnn. 
Monatsh., 1960, 105, June, 157-161) The 
author reports some experience obtained in the 
remelting of various steels— mostly high-alloy 
steels —in consumable-electrode vacuum are 
furnaces of 25 and 35 kg capacity. If high 
melting rates are employed it is possible to 
accumulate at least part of the imy 
the top of the ingot. 


rein de 


2 18 re moved 


urities at 
In remelt ing a segregation- 
high-speed steel it was found that the 
carbide precipitates were more fine 
all cases the gas content of the steels 
reduced substantially &r.G 
Experiences gained in the vacuum treatment 
of open-hearth steels H. J. Darmann (Berg 
Hiittenmann. Monatsh., 1960, 105, June, 144 
The Dortmiind—Harder Huttenunion 
process is described and the results obtained 
are discussed. The urred in the 
vacuun been overt 


resistance heating 


sensitive 


grained. In 


was 


heat losses in¢ 
reatment have 
adding electric 
trouble with the lining has also 
ated The and 
vacuum.-treated steel are 
those of thr 
feature 


rome by 
and the 
been elimin 
oxide mtents of 
than 


main 


always lower 
untreated steel, but the 
at tree ihe? 
rm cco i. 
ing element nay be 
tank, deoxidizing a 


is th el shows much more 


, and oxides. Alloy 


unl 
ai “din the vacuum 
added at the 


nt about by 


gents may be 
same time ie advantages broug 


vacuun rards workir proper 


ties eal properti of the 
also mentioned n the dis 
imber of n \ l " eatroent 
this priz le ¢ described 
The principles underlying ‘the vacuum de- 
gassing of steel by the circulation degassing 
process ti eam Berg. Hiittenmann. M 
1960, 105,. June, 
vacuull if 
Herae 
CUBSE 


The 


finished part are 


plar 4 ! or 


natsh 
of the 
gassing oO teel b ‘ tuhrstahl- 


“Ladie- to- ladle degassing ho — | 
dG. E, Ds 1% 


}s8 196 


REHEATING FURNACES AND 
SOAKING PITS 


New soaking pits at Newcastle \\. A 
ford (BHP Re 1960, 37, Fel j 
illustrated account 
‘U-fired’ soaking pits K 
Steel kr 1960, 37, April, 
ew 53-in bloon 
of United States > 
es are on the sam 
and firing is in a ho 
ts a ratic irea to bul 
ible that of stanc 


design, and about « 


his per 
of abou 


rot pit 
lard reg 
qual to that of 1 
uperative design, and indy 
control is provided 

An arrangement for bottom heating in the 
malleablizing zone of the continuous furnace 
V.A. Shirinkin (Stal’, 1960, (6), 567-568) An 
improved continuous preheating furnace for a 
rolling mill is briefly 


idual pit « 


described. Bottom heating 


removes dark patches which are otherwise slow 
to disappear 
Increasing the output of blooming mill soak- 
ing a N. A. Volobuev, M. M. Kotrov 
’ Shlyakhov, A. A. Kogadeev, M. 8 
idee and E. I Stal’, 1960, (5), 
473-475) The re 
eignt ingots 


ski, 


Kazantse. 
construction take 
instead 


fuel ce 


of six with re i m of 
specific msumption by 10 18 
described 

A study of the influence of the heating of steel 
a in soaking pits RK. F. Costa, Ek. Crees, 

B. Pires, D. de Almeida, - \. P. Madeira, 
>. Gabriel, R. C. Fernandes, and N. Borges 
Bol iBM, 1960, 16, Jan., 39-69) This 
investigation arose from the need to ¢ 
a programme tor the se 
pits consist of | 


stablish 
pits at CSN; these 
airs Of gas-fired reverbe 
aces of 45 t capacity and rec 
f 100 t capacity The 
reversing mill was used to 


miKinTg 
ratory 
fur iperator 
40 in, two-hig 
measure ing 

rf the 
Details of th 


trials ar 


TUrnAaces ¢ 


plasticity since this gave a measure 
formity of ing« 
and re 
luded that; (1 
more accurate t 


mzed rec 


rt temp 
of the 
values for the 
rthe first 


tions sults 
com 
pPASsses; 
rding meters were fi 

the I “— me 
su ently pr I 


trical 


measuremel 
energy at rboed in the 
plast tv varie Vv ingot he 
ection ¢t thes ettec 
niullm 1 ince time is re s 

Future trends in “preheating and oe 
treatment furnaces |.. (: 
Glinko V. N. Grigor 
R \l Mantec Stal’ 
Soaking pits 
arer lewed with sp 


» Kilns, ane 


automation 
Electric-resistance ane of steel bars for 
working W. Stich (/ ne, 1960, 18, 
June, 196-204) The . eating 
el bars 

nas ¢ 

ith 


d out. The « 

also dealt 

gay oe heating in drop forging A 
Kol . ee, Nov., 516 


paper deais with 


with 


apne al ~ 
" Medium- frequency induction heating before 
hot working as a means for the increase in 
productivity in forges KF. Schott Elektr 
e. 1960 18, Ma 160-165 rh 


1uthor 


Modern soaking ~ for erg yee S 
‘ tma ‘ Puoo | 
bottom ar hi t sig for heatitr 
top burners are 1 

Automating the preheating furnaces for the 
continuous thin sheet mill M. |). Ki 
and A Vetallura.. 


main tactori 


Pratusevicl 1960, 


eating befor 


tive roll stands i 
Heating blanks 7 stamping | in salt baths 
k vaznikov Khor 
. N. Popandopu 
72) Bal 
7 etal te 
i li hy i 
the salt bath are 
2Kh13, blanks 
to heat up to 
7-8 min in the 
tion in the et 
weight of the 
to 0-24° 


60 mn ia., ure 2 30 min 
1250° in the chamber and only 
salt bath. Metal 
amber ame 
metal and in the salt 


loss by oxida 


munts to 1-10 of th 


bath only 
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Prevention of transverse cracks when res 
ball-bearing steel V. 1). Avdeova, A 
Dyskin, and G. Ya. Kozina (Metallurg., 
(1), 39) At the Serov Combine 


ateel ingots rolled on the 


if 8 

ball-bearing 
| 

voled 


pite 
} , 


large 850 mill, c« 
heated in the 


rtion of rejects 


after castin and then 


showed a prop for transverse 
cracks of 6-5 In some cases even up to 25 


400 The 
ind that a pre 


The pit temp. « ng was 300 


works laboratory ha limin- 


ary tempering at 680 lo ng into pits in 
“a mT 


this 


partment An > om he re);ects tor 


HEAT-TREATMENT AND 
HEAT-TREATMENT FURNACES 


Some recent heat-treatment developments | 
MeMullen (Iron Steel, 1960, 33, March, 101 


co furna 


es are 


» furnace 
tric all heat 


vertical Cy 


with 
d pit 
lindrical 


furnace, and annealing and 


I I ITnaces 

“Development of modern heat-treatment pro- 
cesses and confirmation of their advantages in 
practice W. Connert (Stahl Eis 1960, 80, 
Aug } 1044-1060 The t eat 
arte al- 
i feature 

Dination ¢ ‘ 

THO SOU ( snneali 
rto 650-700°C anda 


stin LiISCUSSLON 
"New use for radioactive — yaa 
furnace atmospheres ©. «> 
Wilson (J. Met., 1960, 12, “Mar 


Th i f Ker for Kiar 


checking 
nd I , 


New hardening process tor rail heads | D M 


an 


" Flame ‘hardening machines and equipment 


and J an der Lind Me en, 1960, 


iafte 


Temperature 


R 


in inet. aoe 


unitormity 


Large gantry furnace at Douglas has new 
features for heat- treating superatiey missile 
components ||) \ , lust 
Heat 1960 27, | 


18 
2000°F. The 
4 re rea, 

| 1250 KF 
Study of heat- treatments for low coercive 
a 14 to 17 aluminium iron alloys 1. 
| K ster pp. Phys., 1960, 


tud 
stud 


December 1960 
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ordering. 
Al-Fe iron alloys show 
ment controls both the 
distribution of the 
alloys which in 
prope rties 

Heat flow in walis of industrial furnaces 
K. ©. Borchers (Arch. Eisenhiit., 1960, 31, 
June, 343-350) A method is developed by 
means of which the heat storage in walls of 
finite thickness can be determined with a few 
simple calculations for any given heating 
process, which lies between a sudden change of 
temp. of the wall interior and a uniform rise of 
the interior wall temp. Diagrams are con 
structed from which the degree of saturation 
can be derived for heating processes which 
start from (a) a rectilinear, and (6) ea curved 
initial temp. distribution (17 refs). 

Theory of the pressure pattern in extended 
industrial furnaces M. Hansen (Arch. Kisenhiit., 
1960, 31, June, 337-342) The importance of 
static pressure in obtaining satisfactory opera 
tion is discussed, and the 


Observations made on the binary 
that the heat-treat- 
grain size and the 
second phase in ternary 


turn affect the magnetic 


various factors 
influenc Ing pressure ¢ hange s are reviewed and 
treated theoretically The illus- 
trated by examples 


results are 
from practice 

Heat-treating the og steels. VS. W. 
Cole (/nduat. Heat., 1960, 27, Feb., 297-310 
Detailed data are given for stress-relieving, 
tempering, and annealing treatments for mar 
tensitic steel type 403, 410, 414, 416, 420, 420F, 
431, 440A, 440B, 4400, and 440F K.E.d. 

The heat-treatment of spring alloys for work- 
ing at elevated temperatures A. (;. Kakhshtact, 
V.A.Sol'ts, and V. F. Moiseev (Stal’, 1960, (5), 
468 472) £1702 steel can be used up to 300°C 
by adding 5°,,Mo, and Ni alloys working up to 
500° are also noted. Tests of various steels and 
other alloys with different 
described 

Heat-treating T58 and J85 engine compon- 
ents in elevator type furnace |General electric 
Co Indust. Heat., 1960, ae March, 530-532 
The gas-fired furnace giving temp. up to 
2150 °F, is rated at 108 Btu and is used 
for heat-treating brazing and bright 


heat-treatments are 


annealing K.E.J 

Studies on the heat-treatment of silicon steel 
sheets. 11 T. Takei 7 Mizuno, and K. Haga 
Rep. Sct. Res Inst., 1956, 32, July, 101-106). 

Unusual jobs create interesting heat-treating 
solutions at Los Angeles Plant of Lindberg 
Stee! Treating Co. (/ndust. Heat., 1960, 27, 
March, 657-668) Details are given of a versa 
tile heat-tr stallation 
non-routine work, e.g. the 
shell for the Vanguard satellite 
eases are produced on low-carb 
Chapmanizing, and 
resistant 


eating: in which can handle 
third-stage rocket 


- urd ductile 


wear nee 
stainle 
Maleomizing (details given K.3.d. 
ee and operation of gas atmosphere 
generators i). ©. Bayer (/ndust. Heat., 1960, 
27, March, 517-532) Data are given for the 
operation of exothermic and endothermic 
controlled-atm 


al gas and air. They 


surtaces or 


generators operating on natur 
include the compositions 
obtainable, generator design, applica 
ontrol, safety, 


of atn 
tions, « and maintenance 

Selas hydrogen generator plant features new 
system of generation and purification (/ndust 
Heat., 1960, 27, Feb., 336 338) Details are 
given of a fully autcmatic plant producing 
1000) 10000 ft®/h of H, of up to 99-98 purity 
Phe main process is c¢ nversion of hydrocarbon 
feedstock to Hy, in a steam-methane reforming 
furnace with radiant burners; various means of 
removing tn i urities (exce pt inert gases) are 
incorporated K.1 

Special study of waste heat recovery from 
industrial furnaces (:). N. Critchil J. Inst. 
Fuel, 1960, 33, July, 353-356) The programme 
for a forthcoming conference (in 1961 

Study on continuous gas carburizing. VI. 
Some effects of carburizing abilities on the 
properties of carburized steels A. Tsutsui, T. 
poo umoto, and M. Ichihara (.N epee Kinzoku, 
1959, 23, April, 206-208) Experimental results 
show the effects of differences in carburiza- 
bility on physi al, other 
properties. The effects on quench distortion, 
residual stress, and bending 


mechanical, and 


behaviour are also 
discussed K. 


Flame-hardening of piston-ring grooves of 


marine engines K. Falkenmayer (Schweissen 
Schneiden, 1960, 12, May, 241-243) A machine 
is described and illustrated for the flame 
hardening of the piston-ring grooves of large 
Diesel engines for marine application. The 
pistons are of cast steel with 0:°35°,C. The 
depth of hardening varies between 2 and 
3mm.—T.G. 

Rapid heating techniques A. M. Ayvazian 
(Proc. Ind. Tech. Conf. on Metals Processing, 
16-17-18, 1957, Oct.; PB 151308, pp.9) 
Investigations of rapid heating technique on 
thick-walled hollow cylinders using high 
frequency and gas heating. The complete 
hardening and tempering cycle took approxi- 
mately 2 h compared with 154 h for the con 
ventional cycle. In three out of four cases the 
mechanical properties were adequate, though 
grain size across the section was 
rather inconstant. — R.D. 

The nitriding of ferro-chromium and ferro- 
manganese 8. Vecsey and L. Wisnyovszky 
(Koh. Lapok, 1959, 14, Sept., 407-409) The 
authors describe experiments on alloying solid 
and liquid Fe-Cr and Fe Mn with N, by using 

H. P.K ‘ 

Witriding ofiron chromium manganese alloy 
(Na Vet. Lab inn Rep 1958-9, 24 
8 ls for nitriding up to 120 lb of the 
were designed 

Insertion treatment of nitrogen into aor 

Pomey, M. Mouflard, A. Royez, and 
Wintenberger Compt Rend., 1960, 250, 
March 7, 1845 1846) Slig htly below 
eutectoid temp. of the Fe-N diagram, it is 
possible to fix and diffuse N, in ferrite and 
maintain this state by heat treatment. This 
surface treatment raises the fatigue limit by 
85°; the resubtin 
discussed 

Continuous cycle heating cooling furnace 
provides a better structure control in annealing 
for ——, A. G a urrock (Blast Furn. 
Steel Plant, 1960, 48, e, SSL-583, 590) The 
importance of uniformity and reproducibility 
of structure in obtaining machineability are 
emphasized, and the operation of a continuous 
roller hearth, cyele heating, and cooling furn 
ace installed by the Wyckoff Steel Co. at its 
Chicago plant is described 

Tests of heat treatment for cast components 
of T36 and M17 steels ©. Wanyorek (Met. » 
Constr. Masini, 1960, (1), 65-69) Some general 

ndations are made, for example, 
annealing at 860-900 for 2.3 h and cooling in 
the url e and quenching in oil from 840 
SHO oOllowe?e at 650 tor 


variation 


alloy 


g structural modifications ar 


recomme 


iby a single 
2h and then cooling in water 

The essentials of the thermal hardening of 
tubes by a water jet N. Yu. Taits « 4. S 
Kadinova (Stal’, 1960, (7), 655-657) Jet cool 
ing methods g 


tempering 


ive more uniform properties than 


bath quenching. The characteristic cooling 
curves for pipes treated in this way are ob 
tained and the 
pending ¢ 
wall thickness ts calculated 

Electro-tempering of 9KhS steel \. 
Cherepin (Jzvest. VU Z Chern. Met., 1959, (11 
97-104) An investigati of the transformation 
in this steel with electrical heating show that 
the first transformation duri termperi 
with a rate of heating of LOOU-S0O00 /sec 
occurs between 200-320° and the third be 
tween 530-670°. Austenite forms at 800-850 
\ relation has been found between the third 
transtorm process and the decay of 
residual austenite in quenched steel, The 
results obtained have contributed to working 
out practical electrical 
tempering of components made of this steel 

Heat-treatment at Babcock & Wiicox Ltd 
(Met. Treatment, 1960, 37, March, 113-118 
rhe article describes in some detail the 
for heat-treating pipes, 
manifolds. ke is described with its 
performance, and design 


heat extraction coetlicient de 


n metal ter p., water pressure, and 


ation 


eonditions tor the 


plat it 
drums, 
ich furnace 
instrumentation, 
figures. 4.H.M 
Jet cooling system of continuous annealing 
furnace speeds ogg of tinplate strip 
(Indust. Heat., 1960, 27, b., 318-324) Strip 
is processed at 500 rr ft/min in reduced 


space, using eight passes only, The fast cooling 
} 


tubes, and 


section has 54 jet cooling units, which circulate 


protective-atmosphere gas (cooled in a heat 
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exchanger), reducing the strip temp. from 900 
to 250°F.—-K.E.J. 
+. annealing of buttweided a segments 
. Hajto (Koh. Lapok, 1959, 14, July, 297-302 
A suitable anne aling process has been devised 
experimentally in order to avoid the cracking 
of buttwelded high-speed steel saw segments. 
Effect of preheating in the range of recovery 
on the results of recrystallization annealing of 
deep-drawing = G. Odone and V. Berruti 
(Stahl Eisen., 1960, 80, July 21, 1018 1023) 
Deep-drawing sheet with about 0-07°,C was 
used for the Preheating to 
between 400 and 500°C brought 
overall reduction in annealing time of about 
20°, a reduction in hardness and a 
uniform microstructure. The 
ties of the sheet were 
affected by the two-step annealing process, It 
is thought that the lattice 
defects in the crystal 
recovery 
disturbed crystal 
tion r.g. 
Promotion of cubic grain growth in 3 
silicon iron by control of annealing atmosphere 
composition 1). Kohler (J. App. Phys., 1960, 
31, Supplement, May, 408s-409s) It has been 
found that by controlling the « ym of 
impurities in the annealing atmosphere the 
growth of grains having the (100) plane paral 
lel to the sheet surface can be greatly impro 
ed. From this omentation dependency of the 


tests. 


temp 
about an 


more 
working proper 
however not markedly) 


elimination of 
mosaic blocks during 
is @ mnajor requirement for an un 


growth during reervstalliza 


oncentrat 


surtace energy there results a discrepancy be 
tween theory and observe: 
face ergy growth. Iti 


ul S 


a chan 

that tl Loo 

rystal plat 

Controlled atmosphere cycle annealing of 
transformer laminations in electric roller 
— —— Webcor Inc. (Indust. Heat., 
1960, 27, 272-276) An electrically } d 
roller-hearth furnace, ft long 
4500 Ib of silicon steel lar 
Jaminations are handle 
through to the loading a 
furnace has a pre heat 
sections, an insulated 
ZO water cooling y section 
vection, and an air blast section K.1 

Cold-rolied dynamo steel annealed in con- 
tinuous furnaces N. F. Dubrov, L. V. Mironov, 
and M. I. Kolov (Stal, 1960, (6), 543-547 

yra nm size 
ind the use of 


ha ie great 


Electrical properties are related 
und depth of decart t 


t ™ on rop . mitinu is 
annealing in H, is recommended 
Effect of isothermal magnetic annealing on 
the magnetic properties of Fe Co alloys at — 
re H. Masumoto, M. Takahashi, an 
on plata tages  . April, 
r only affected the 
and magnetostriction » the 
between the 
~~ 400) ¢ lax. | 
saturation magnetostriction ¢ 


ably wher ie alloys were ant 


trans! mation 


perlatt 
» alloys 
results 
superlattive 

abnorma caused by 
striction K.F J 

The hardening of steels. Cooling velocity and 
TTT curves (Jecn. Indust., 1960, ‘ 
352 354) The factor ermining the 
quenching technique are discussed 

Graphitization of nodular graphite cast iron 
during tempering P. Kys (/nst. Hierro Acero, 
1960, 8, Jan., Special Number, 16 29 4 
review of the processes that take place on 
in the 
with particular 
emphasis on sect graphitization. Dilato- 
metric investi supported by metallo- 
graphic, mechanical, and other physical tests 
have been carried out on samples from one cast 
of composition (3°13° C, 3-12°%)581, 0-56 Mn, 
0-073°,P, 0-010°,S8, 0-04°,Cr, 0-08°,V, and 
0-078°,Mg). With normal periods of time at 
low tempering temp. behaviour is the same as 


tempering quenched nodular Cast irons 
range 22-710°C is” given 


mndary 


gations, 





in Sisteels. At high temp. secondary graphitiz- 
ation very rapidly, its development 
being affected by the formation of graphite 
nucler which depends on the 
matrix. This state also affects the rate of 
growth of the graphite and can be modified t 

snag atments. " 
tion and g 


occurs 
state of the 
The mechanism of nuclea 


owth is discussed and it 
that ct defe ts have a decisive influ 


is shown 


ence on both (32 refs P.S 


FORGING, STAMPING, 
DRAWING, AND PRESSING 


Forge development. New 800- “s press at 
Firth-Brown (Jron Steel, 1960, 33, March, 96 
The design and operation of th pre 
at the reconstruct 
described 

Views of the development st Nar Guegetee 
forging industry L. Logodi (K k, 1959, 
14, June, 275-278) The importance of 
heating facilitic Ss, 


ss installed 


d forge department are 


introductic 
of drop-forging and 
Hungarian for 


with regard to the 


not 
exten 
les aling in tl 
discussed 
processing industr Po! 

oy 2 rincipies of forging It 
} 1960, 3, Mar 


practical as pec 


are 
Experiments with a forging machine. II. 
Some experiments on an air-hammer using an 
accelerometer |. Awano «a rr. Yamakawa 
Rep. G In . Inst. Nag 1955, 4, 
May, 198-20 Ir i 
Shock isolating foundation fora ary 3 forging 
hammer N. Fukuo and ‘| 
Ind. Res, Inst. Nagoya, 19 ache 
In Japanes 
Giant dies for hot forging | 
Vet. Treatment, 1960 yi Mi 
4500 t } | r { 
react r t 
is describe 
I a t la 
fi yp eee 
vice after pressir me 600 plates \ 
— forging iswaging —— S 
oc. Ind. T , 
oA 17-18, 1057, On 
eription of 
character 
an may 
Ing machines are discussec ) 
‘Manutacturing emmeemennaie | in the fabrica- 
tion of 155 mm shell (metal parts) J.J. Obre: 
Pre Ind. Tech. Conf. on Metals P 
16-17. 18, 1957, Oct.; PB 
facturing tmprovements in the hot 


151308 


155 mm shells are rey j , 
Progress report on “the development = a 
practical torgeability test H. M. Gr 
Ind. Tech. Conf P 
18, 1957, Oct 
the existing 1 
yg ithed 
tive test is described I 
Fabrication of clad steels | Ss 
Mat. Des., 1960, , 
forming, and welding of st 
or austenitic steels, Ni or 1 
marized 
Heavy eapenemes oot =o at G.E.C. 
1. Pe 1960, 28, 
17 + 


istrated Ti int 


Imer | i 
$+ 1s4 ie I 
" sat Fraser 

Erith. Equipment 


metho 


das are considered 

Ring rolling plants designed for automatic 
operation (Jron Steel Eng., 1960, 37, April, 17s, 
180, 183) The fully automatic fors 
ring rolling mill marketed by Wagner and C« 
of Dortmund are described 

Study of the behaviour of various — dur- 
ing dynamic hot upsetting 8S. Henkel ( Freiberg 
I 1956, (B10) pp.77 igen 


degree of working, tem] 


ng press and 


rschunash., 
shape f the san ple, 
composition and microstructure of the steel, 
rate of deformation of the 
sample and tool on the behaviour of a number 
during upsetting was studied. The 
experiments are described in detail and the 
results obtained reported in full. It was found 


and surtace quality 


of steels 


that at high temp. the resistance to 
deformation 
constant 


nter alia, 
remains constant or almost 
4 relation is derived from the exper 
mental results relating the mean resistance to 
deformation totemp. of working rate of defor 
mation, and composition of the steel (45 refs 
Some examples of small forgings in long 
series and the problems that may arise | 
Ehrenstein Pollack (Hv y Ace 1960, 13, 
Jan.-March, 285-288 Phe ma ‘ of 
small forgings in F111-F114 ste 
railway rolling stock, runnin gma 
ompressors, friction presses 
mers is briefly described, with hur 
avoidance ( 
The working capacity of eohaseides eae 
cast iron Chang Tso i, Sh { ing, Gau 
C'ze-ming, and Kuoh Sheng-chuer Freisherae 
Forschungsh., 1957, (B16), 82-107, with ar 
apper on ‘The behaviour of ashame 
graphite cast iron om ae and mapng 
B ‘ j 


of unne ssary if ilties S.H 


‘ T 1 
‘The resistance to ‘deformation of steel C 45 
during hot eng at medium deformation 
rates W. Lu os Krau 
1960, 80, Au 


4, LOGL LOGT7 


ur 


mechanization of some ltabour- bce 
—r in the forging shop ) Pr. Khud 
V.A. La 1960. (4). 36-38 

he spe ly cor i i ma 


"Fabricating on tor Atlas missiles a 

) 1 a ¢ ' ‘ 
Oct T0372 \ 
ler radial 


chine with ad ript 


Developments i in metal cutting and bee tr 
I 41 


Weld let 
An illustrated int f equipment f 


nip, ! real i t », 4nd 


1959, 27, N 12 


A press for bending steel sheets of up to 250 
mm earemnene, the most — in Becenty 


Nou 960, Mareh 


TOOT 


narterins . aimed 
Solid wheels, without ‘tyres, for railways, 
trams, and tubes So t \ set Forges 


1960, 38, March, 


Working ‘metals by ‘detonating explosives 
00k ul Ind., 1960, 37, April, 
tuthor deais with the pru t 
sives to metal forming 
esses which have he 
erformec Vy means of detonse 
es. These processes incl i } 
ompacting of metal pe er 
metals cutting and boring 
followe 
Investigation into the wear r ot punches and 
dies W. Crasemann (Sheet etal Ind., 1960, 37, 
April, 259-262, 266) The author describe 


results of seve 


a DV a discussion 


8 the 


ral years work at the University 
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Coit processing line 
dere BOS, S06) A 


lard Pr 


Star 


lar 


ari 


Relations in the ealeviation of drawing- -He 
sets for wire-drawing machines I Nu 
} , 1u60 80, J Lee 


Chemical changes 
— wire — P. | 


soap-base lubricants 
in., B. Werd 
\\ Stal / e pause 80, 


her 


martensitic 


wire of structure 
Stahl f put J 


mryved billet ! t t f it quir ent 
New extruding techniques developed for high- 
temperature steel and pure — L. M 


SAEJ, 1960, Fel Deta 


“Cold impact extrusion of steel 


cher (*U t B 1” 


> HOS \ nera 
are d 


Process engineering from prototype to pro- 
duction of the 8-inch M 106 H.E. shell by the 
hot cup- -machine- cold extrude method H. J 
Babcock w. In r t 


Pr 


ot the 

Quantity o eel u ner lis 
in Conve tional ---+araaaagnaiall a 
pric e red ) 

Rotary extrusion of liners ©. Zul 
Ind. Tech. ¢ f n Metals Process 
18, 1957, Oct PB 151308, 1 
report is classified as cont 


excluded from the publication 


December 1960 
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ROLLING MILL PRACTICE 


Durgapur — steel. Rolling mill section 
(Brit. Steel., 1960, 26, May, 163-165, 167-169, 
171-172) The rolling mill plant, wheel and axle 
plant, engineering workshops and foundry, for 
all of which Davy and Unité 


d Engineering Co. 
Ltd are re sponsible, are 


described. 

smqroring the specific yield of steel rolling 
rogh Frantiu (Met. si Constr. Masini, 1960 
2), 134-139) An analysis of me tal losses due to 
os oma cleaning, cropping, ete 
to reduce then 

The geometry of the instantaneous deforma- 
tion focus during the hot-rolling of tubes on the 
Pilger mill A. P. Chekrnarev and A. A. Chern 
vavskii (/zvest. VUZ Chern. Met., 1959, (11), 
47-62) A graphical analytical method is 
explained making possible a relatively simple 
determination of the geometrical elernents of 
the instantaneous deformation focus (angle of 
bite, length of the deformation focus, and 
initial and final height) for the hot-rolling of 
tubes Pilger mill under consideration of 
the actual grooving of the roll, of its rotation 
during d n and of the period during 
which deformation is imparted 

Deforming forces in sonatas ~~ sets (. 
Zouhar ( Bergakademie, 1960, 12, , 36-37 
Rolling were measured on an experi 
mental mill at the Metallformung 
der Bergakademie Freiber 


round-oval oval, 


, and measures 


on the 


rmatio 


forces 
sinstitutes 
g, rolling the 


diamond, 


series 


square square and 


hammond 
Calculation of the electric opal for hot- 
rolling alley steels V. A. Shubenko, Ya. N. 
Shpunberg, \ N. Ustelemov, and V. D. 
Mel'chekov Izveat. VUZ Chern. Met., 6 
(11), 73-82) Cony nts have 
calculated by means of which it is 


diamond- 


ersiol oether 
pPOssibi 
easily to determine the 
and the 
lis for certain alloy steels whi 

the subject of these investi This meth 


ulation of 


power! -OnsuUINption, 


the moments, pressures of the 
on th ré 
vations 
od may | applied also to the cal 
conversion coellicients for other types of steel. 

The measurement of rolling power and 
torque in the rolling mill, and their recording 
L. Eberlein ( Bergakademie, 1964 12, March, 
144-149) Instruments and equipment used for 
measuring rding these 
quantitic are desertbed and illustrated 

On the apoenan —— of net — 

Kneschke ert 


B16), 5 34 The i 


sutho 
the re 


transmitting, and rec« 
schund 1957, 


sideratiol ind COR pr eul empt 
the d 


insIis on 
quantities 
on the rolling parame . he effec f the 
rolling parameters o1 ling ce, resist 
ance 
mentum 
with me 
rets r.G 

Calculation of the mean resistance to defor- 
mation and of — rolling force in hot and cold 
rolling A. 3S. | erger 
1957, (B16), 35 
impere ‘ nt 1 
deter 


to det mat and of the 
f 


cellent (12 ref 1 

Analysis of the phenomena taking place in 
the rolling bap when spreading is involved 7. 
W usat $ r erde Forschungsh., 1957, 
B16), 49 57 he auth eports on a me 
moetho« f cal t llows de r 

rmation tor any shape 

nt the spread 
d for 


of cross-section } nto aceou 
ing of e material e mean rolling spee 
the rt ros ‘ m can al 
thi n rhe od, Sitip, forward ’, 
setting can als calculated. The me 
also be d to the il 
design for continuous mills 

Rolling forces and torque during rolling of 
bulihead passes with top and bottom roli pres- 
sure ‘: Juretzek Freiberger Forschungsh 
1957, (B16), 58 81) The 

olling of b althoad passes 
pone bottom roll pr 
and lead, The results « 
d and are 


SO be 


olling forces during 
ai Ribena r top 
essure were pony eat fey A. 
ft thre 


presented in many 


‘ xperime nts were 


evaluat: graphs. 


The knowledge gained from these results is of 
great importance for rolling practice and is 
discussed.—rT.G, 

Prestressing of — mill housings P. 
Ortner (Rev. Mét., 1960, 57, April, 311-317) A 
translation of an article from Klepzig-Fach- 
berichte, 1958, 66, 11. It is shown that pre- 
stressing of the roll stands does not reduce 
deformation, and shortening the stands brings 
no advantages, due to the flexibility of the 
rolls. Short barrel lengths, heavy roll necks, 
and a roll material with a high Young’s 
modulus are all advantageous. 

The development of blooming and biilet mills 
M. L. Zaroshchinskii (Stal’, 1960, (6), 523-530) 
A world review of the development of the 
universal slabbing mill during the last ten 
years with a discussion of trends for the future 
(20 refs). 

The development trend of continuous billet 
mills KE. A. Zhukevict and ©. P 
Solov’ev (Stal’, 1960, (6), 530-534) Continuous 
mills with alternate horizontal and vertical 
stands are advocated. Mills with horizontal 
is and edging roller guides are only suit 
able for limited outputs and restricted rolling 
programmes. 
dered 

Case study in the rolling of steel bars 8. Kilon 
and B. Avi-Itzhak (J. Mech. Ena. Sci 1960, 
2, June, 120-128) The effect of bar 
section variation on length variation in the 
rolling of steel bars is discussed and the 
distribution of bar lengths as a function of the 

et to outlet ere ‘tions has been studied. 

was found that this ratio is virtually inde- 
vendent of input length. The length ratios 
istribution and its parameters facilitate pro- 

‘ss adjustment by an appropriate selection of 
billet size in order to obtain a desirable 
bar length r.¢ 

—— high speed steels in Square grooves 

Zuev (Metallurg, 1960, (4), 30-31) A 
introduced by the 
blooming mi 


1-Stosha 


stan 
British and American mills are 


const 


cross 


mean 


s at the 
for rolling high 

rhorhb, oval, 
and rhomb grooves is explain- 


reduced from 85 mm to 40 mm 


Operative 


| 
yrooves: rhon 


Quick change of continuous rod mills (4. 
ler (Stahl Kisen, 1960, 80, Aug. 4, 1084) In 
rder'to save time, wholes tands of a co 


changed inste 


ntinu 
ad of only the 
ces about 5 min when 
iraulic equipment is 

employed I 
Calculating the structure of the models for 
the finishing circular groove M. L. Mirenskii 
Vetallurg, 1960, 4), 31 The article which 
1959, (10), is eriticized. The 


authors of 


Chaban, does not 

wid the reader 

1957, (1), by 

Technical and economic results of the pro- 

duction of lightened joists and channeis in the 

roiling mills of the Kuznetsk Combine L. Ya. 
Kats and V. N. Ersho Si 1u60, (7), G50 
654) The economies of rollin t ectior 

are set out 


Special teatures of rolling lightened sections, 
girders ane beams G. D. Feigin and N. G. 
Neted’e etallurg, 1960, (2), 26-27) The 
varie S det TS and mushaps pe verally oceur 
rin tit hing the sections, for example 


tne ste va) t S ine ‘ oe ting ete 


” 


their 


yvorda ‘ 
investigating the operation and the ma 
— " 500 and 400 hot rolling mills L. D. 
Sokol M. Grebenik, I. L. Bakh 
I. N. Veksin, . Lvulenkov, V. P. Sabantsev, 
and A ibolev (/zvest. | 5 Chern, 2a. 
1959, (11), 133 2 heoretical inv igation 
of the sections of the 
and 400 mills 
New greases for the cold rolling of sheet I. Kk 
ar’ and I. A. Chamin (Metallurg, 1960, (4), 
20) Experiments at the TsNIIChM have 
‘ d that rapeseed oil, 
beef and mutton tallow 
replace palmitin, 
ior to palmiti 


process All 


ushkin, 


wis in the 500 


mistrat castor oil, or 
can with advantage 
and also that they are super- 
acid in their effect on the rolling 
msisting of 


greases 


beef and 
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mutton tallow are especially suitable for cold- 
rolling, deep drawing, and for operations where 
a reduction of the coefficient of friction is desir- 
able. Best results are obtained with an addition 
of 3-5% free fatty acids. 

Two methods of rolling a on pew con- 
tinuous five stand mill M. 

Vetallurq, 1960, (4), 25-27) 
parison between the Russian and English praec- 
tice of cold-rolling sheet from 2-25 
0-25 mm thick in a rolling mill of tive stands. 
An examination by the TsNIIChM Institute 
has shown that the English practice is superior 
and suggestions are made for 
changes in the Russian practice. 

Rolling bearing tubes on a three high mill 
Yu. I. Vashchenko (Metallurg, 1960, (4), 32-34) 
A special installation at the Pervouralsk works 
is described for rolling 100-220 mm dia. bars of 
ShKh15 steel cut in the cold on the hydraulic 
press in the lengths required. The blanks are 
preheated in circular furnaces with rotating 
bottoms at 1130-1150° and 1150-1170° for 
1 to 2h 50 min according to dia. 

The effect of the calibration variables in a 
Stiefel type piercing mill on the formation and 
shape of external spiral shaped blemishes form- 
ed during piercing V. Dédek (Hutn. Listy, 
1960, 25, (3), 243-252) The effect of changes in 
the roll setting, e.g. position of the mandrel and 
eccentricity, on the formation of blemishes 
tubes was investigated. 
Che most important variable proved to be the 
length of the de 
torsion. On 


sichenko 
This is a com- 


mm to 


appropriate 


spiralling around the 
formation zone subject to 
diminishing it the tendency to 
spiral formation also diminished.—P.F. 
Control of cooling beds and cooling-bed 
shears H. G. Vogelsang (Stahl Kisen, 1960, 80, 
Aug. 4, 1067-1072) The electrical control of a 
cooling bed, the bed shears and the 
by-pass equipment for the she rod mill, 
is described under the headings: General 
extension of the control equipment to the 
braking of the cut rod in the cooling bed, con- 
trol equipment with analogue travel dats 
with digital travel 


positioning control 


cooling 


ars ofa 


,~ two 
more modern types 
and a rod placing or 
advanta 


data, 
The 
s of the digital con l lipment 
with transist« ood i.e without the use of 
mechanical contacts, are pointed out r.é 
Optimizing the protein of steel bars . i ilon 
lech. Eng. Se 1960, 2, June, 129-142) 
A author des problem of scrap and 
waste ‘aring of steel bars and 
t of bar length variabilit mm the 
function. The treatment ntially 
mathematical r.¢ 
Experience with ‘the shearing of pipes by 
rupture with local induction heating \. N. 


, LYBO, (7 


7), 634-635) A 


ls with the 
reeset in the she 
with the etfee 


scrap iS esse 


Bogdan Stal stem 

in 
pulls it 
inular 


MACHINERY AND SERVICES FOR 
'RON AND STEEL WORKS 


Phe so makes steel -The electrical group 

t 1960, 26, June, 173-174) The 

ee cal equipment and listributio are 
scribed. Data of the mill motors ari ven 

nee * 7 ripping — sheet coils” E. M. 

ul /, 1960, 2), 32) 

Special tongs designec al onstructed at the 

Magnitogor etallurgical Institute are des- 

crit Ae hey re use n cranes tf port- 

ing ils « \ diag 

Some ee aids for steel mill rotating 

=. . H. Greiner (Blast Furn. Steel 

nt, 1960, 48, June, 84-585 Several 

iple ff easy access and replacement are 


rtran 


rram is shown 


piven. 

Motor-braking methods for steel 
applications J. ©. Ponstingl (Jron Steel 
1960, 37, April, 139-150) Various braking 
\ ms are deseribed, and details and circuits 
are given of ‘veral counte rtorque 


plant 
Enq., 


dynamic, 
and regenerative systems 

The Margam critical pressure back-pressure 
power plant (Steam Eng., 1960, 29, July, 346 
357) With a list of sub-contractors, 

Problems connected with the electricity 
supply grid in integrated iron and steel works 
H. Engelhardt (Stahl Eisen, 1960, 80, July 21, 





difficulties 
frequency 


1000-1006) The encountered in 
keeping and voltage constant in 
integrated iron and steelworks are considered. 


WELDING AND FLAME-CUTTING 


Welding and cutting technique in repair work 
in iron- oe steelmaking practice W. Becker 
(Jron Steel, 1960, 12, April, 199-210) A general 
review, with examples, of repair welding of 
cast iron and steel parts, flame and powder 
cutting, etc. (37 refs). 

Choosing welding and cutting fuel gases to fit 
the need H. Thomasson (Canad. Metalw., 1960, 
23, May, 38-39) The properties of gases used in 
welding, — and cutting are briefly 
reviewed 

Welding of heated cast iron parts with the 
back-fire- Morn torch H. Neumann (Schweissen 
Schneiden, 1960, 12, May, 233-235) The weld 
ing of preheated cast iron parts with the oxy- 
acetylene torch is described. Preheating of the 
parts 1s a necessary requirement for satis 
factorv welding, this in turn demands a safe 
torch which will not back-fire. r.G 

Welding and connected techniques in the 
maintenance dept. of a large metallurgical 
plant L. Bonnier and M. Doncourt (Soudage, 

160, 14, March April, 131-140 
repair and reconstruction 
shops of SOLLA( 
Seremange and at 


and Thionville, are 


Maintenance, 
work in the two 
Continuous Rolling Co., at 
Kbange, Havange 


described, with particulars 


bet weer 
of welding and allied processes 1n use S.H,-S 
Welding probiems in he chemical industry 
H. Gerbeaux (Soudage, 1960, 14, March-April, 
107-115) A revie ial arrangements for 
welded and tg with advic 
details of assembly. The effects of superheating 
welding 
ot working, ageing, and heat-treatments upon 
the materials 


w of sp 
tanks 
hardening, and residual stresses, and 
used, are discussed from the 
metallurgical view point S.H.-S. 

The use of oxy-acetylene pressure welding in 
the construction of a reinforced concrete road 
bridge W. Kniewasser (Schweissen Schneiden, 
1960 12, May, 208-209) A small, 
welding machine for the oxv-acetvler 


transportable 


velding of the joints of the re reer 
Mien te iescribed 


welding machine onsiderable 


1 road bridge 
this 


1 construction time we 


in the 
SAV Lligs = re obtained 

Recommended practice for flash welding. 
Part 11. Hard carbon steeis and alloy steels 
tt W, Commission Ul (Soudage, 1960, 14, 
March-April, 104-106) A code of practice and 
procedure 18 rece ended ft fle wel r 
high carbor els and low alloy high spe 
steels, and for high alloy ore parti 
stainless) steels S.H.-S 

Some metallurgical aspects of welding 
— thicknesses J. Sebille (Rev. S “re 
1960, Pca by 5-101) Th 


reater tl 


is article d iss the 


accou ’ ‘ P el of ¢ ! £ brittle 
fracture 
the various ‘ 
Puddle- ae 
Vach Lloyd, 1960, 32, 
Argonare fusion spot welding process a 
by the Bristol Aircraft Co. is described 
Electrosiag welding is the most progressive 
and efficient method of jointing thick metals 
B. E. Paton (Rev. Soudure, 1960, 16, (2), 153 
163) [lr This article describe vith 
exal es the « elopment in the 
electr t velding which greatly increases the 
efticieney of v ing greater thicknesses. It is 
claimed that its use in the USSR will be more 
than doubled during the next seven vears 
Faults occurring in repair welding and their 
avoidance K. Weber (Schweissen : 
1960, 12, Mav, 229-233 The welding tech 
niques for the repair of cast-iron and cast-steel 
structural parts are described and illustrated 
In many cases correct heating of the part r 
at least the neighbourhood of the defect and 
very often a heat-treatment after 
the key for a satisfactory weldment 


Rolling and welding type 430 M tubes to 


examples of 


Stainless steels \ 


10 


USSR of 


Schneider 


welding are 


Stainless steel overlaid carbon steel tube sheets 
R. W. ennett -s 1k- Memo—175 1959, 
Feb., pp.60 from US Govt. Res. Rep., 1959, 32, 
Oct. 16, 539) (No abstract). 

Probiems related to the home production of 
fluxes and wires for submerged arc welding and 
surfacing J. Wegrzyn (* Przeglad 
nmictwa, 1957, Ss 3), 382-84 
are: Mn-free j Py alkaline) 
and the aati atic 
fluorite. Flux and welding rod manufacture 
are reviewed, with reference to Polish practice 

Three new welding products (s 1960, 
14, March April, 124-125) A summary of pre 
liminary information on (@) aluminium bronze 
electrodes, (6 magnetic and (c) mobile 
forced ventilation assembly ‘Cyclone 60’. 

Bagg) ar. for welding K. G. K. Rao (J. Inst 
1959 39, Jan Part I, 495-510) 
A careful consideration of the p 
welding and choice of materials and of the 
strength of welds, 
of welding procedure, residual stresses, and 
fatigue properties 

Welding jigs in structural steelwork A. 
Coblenz and R. Oswald (Schweissen Schneiden, 

1960, 12, June, 262-266) This is an ilh 
description of the application of simple 
structural welding, including one for the 
ing of cooling boxes for blast-furnaces 

Application of TTT diagrams to welding 
practice K. Miller (Schweissen Schneiden, 
12, July, 309-317) B plotting the cooling 

urve that is to be expected of a weldment into 
the TTT diagram, hardness and 1 
of the heat-affected zone might be predicted 

hese alues are related to root cra King The 
practice of this test is explained 
of weldment I 

Influence of someting, electrode type and 
welding conditions on the hydrogen content of 
the welded material H. Zitter (Arch. Bisenh 
1960, 31, June, 359-364 


made 


Spawal- 
Fluxes discussed 
Mn-containing; 


yn of tluxes with and without 
’ 


udage, 
vices, 


ung Indu 
irposes of 


with consideration of choice 


istrated 
jigs in 


weld 

1960 
’ 

tructure 


na number 


obtain 
tiffusion 


ence 


une pre t , ¢ 

Tests _ the determination of the welda- 
bility of _ F. Cal Schweissen Schne 
L960, 12, , 303-308 _ 


at for the 


veldat 
it 3 iso 

that the t isform pearlite 

4 peariite gra 


The strength ot weld-metal deposits and its 
interpretation in terms of modern theories of 
metal plasticity \\ Dann hl f 

hy len, 1960, 12, J ily ace 


ld-1 


r \ 4 r 
Development tendencies and weldability of 
modern steels tor boiler, container and eheenent 
plant construction a L. Z *Ind 
in er 1958, 80, fa a 
teristic difference | 
gtn structur 


ity is 


20 re fs 
improved weld a gt methods: magneto- 
— method |. i. N: and A. 5S. Fal 
(Svarocl Pro . ( Ae 19-21) 

butt welds were inspe« with appar- 

isi describe “al finciiny and 

nts made in the appar 

msidered. Con 

examination of all re 


I r 4tus Sime 
1955 are ¢ ibined magnetic and 
X-ray ated. 

Graphite cloth heating element instrumental 
in high speed brazing of stainless honeycomb 
panels (/ndust. Heat, 1960, 27, March, 492-296 


jects is advo 
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A production 


time of approx 
instead of t 


23h with conver 
matenals such as 17-7 PH 
heated to 1680°F 
graphite clott Onl 


parts are 
sheets of 
heated; hence power is red 
costs are S 

A welding conterence at Metz. |. Point of 
view of specifications .). |. ec (Soud. Techn 
1960, 14, May. ‘ 74-181) This 
paper is asummary of sugges ! smade by the 
Commission of Heavy Iror 


Connexres, 


yarding the 
bases for specitications of welded steel i. 
Conditions imposed on steelworks ay the re- 
quirements of specifications FF. Pichon and 
sourdillon 182-185) Problems er intered 
during production of steel to specificati 
dealt with. 11. Guarantees of non-brittieness of 
structural steels within a specification I). «x 
Kerversau (186-192) A criterion for evaluating 
the sensitiv! t steel te 
t 


lation be 


ms are 


brittle fract 
“ nmtrar th 
‘ is discussed. A new ape 
vested fro 

ets.) R.P 
A suitable method for arene suipher cast 
iron P. S. El , 1960, 
1), 36-37 Different 


nended to obtain speciti« 


} 


practica 


stratoy Sparoch 
ove he, are recor 
with 


erties 


structures 
detinite physical and chanical pror 
from which the operator may select the 
table j 

“Welding in a carbon dioxide atmosphere of 
30 pre steel a! the quenched condition 
K. \ thavski M. Nikitin, and G. | 
Murov (Svar. Pro 1960, (1), 4-6) All the 
experimental heat « ‘ ise the hardness 
of the affected tion 


and increase its in reng In three 


most 


cles the 


h 


is at i 
produced by the welding ar 
Monel electrode welding of cast iron and steel 
Llhie } t ai natr. Masir 1960, (1 62-64) 
y iro components ur e satisfactorily 
elded to ster th monel electrodes without 
formation ¢ orm 3 *rehe ing oo -150 
for essential piece j i sable 
auratior ve yr at i able nite 
as to be VOrKed nm tne Can 
rmalized 


Welding EI er 


12Kh2NVFA) steel 
ret’ val \ Fr ' 


ent. 
with- 
tal . 
Bath- arc ceahdaiin of wae in a carbon 
dioxide medium 


Sr 


tt) 
100 52 


Width 


Welding horizontal seams on thick metal in 
carbon dioxide gas V. N. Susi and & 


Klepikoy LOG 


It has 
yntal 


t care 
imu 5 are 
verily cleaned and tree trom siag 
Welding recommendations for SAE and 
AISI steels H. Phielsch (Canad, Metalw., 1960, 
23, May, 40) Electrodes, preheat, and interpasa 
temy and postheat treatine stress-relief 
SAI and AISI ste« ire presented in the 
form of a tat 
Welding aleminiom, 


copper and stainless 


December 1960 
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steel with ultrasonics J. B. 
1960, _ July, 117-120) It is shown that ultra 
elding methods can be used to join 
saaneshaie with a wide range of properties, 
dissimilar metals such as Cu, Al, and stainless 
steels in bumetal combinations, and thin foils 
and fine wires 

Welding gs components with intnetien 
heating © Klyushin (Svar. Proizv., | 39) 
It is well et that in the induction Soakinn 
of a two-layer medium consisting of an extern 
al layer having a greater specific resistance and 
a lower magnetic permeability than the inside 
layer, the nt density and there 
fore the maximum generation of heat will not 
be on the surface but in depth at the butt ends 
of the separate This is precisely the case 
with induction heating of coaxial steel shafts 
or cvlinders. Generators with a 500 e/s fre 
quency weld at approximately 15 mm depth, 
those with 2000 ¢/s at ap proximate ly 10 mm 
and those of 8000 c/s frequency at about 5mm. 

Welding solid-fuel rocket motor cases |’. J. 
Rieppel (Met. Prog., 1960, 78, July, 105-110) 
These thin-we d shells made of notch sensi 
tive high-streng rth steels require 


Jones (Met. Prog., 


sonic 


maximum curre 


layers. 


satistactory 
welding techni 8; recommendations for 
welding are given 

The automatic facing (welding) of steel ay 
copper wire electrodes 8. M. Katler and V. 
Sinikoy Sra Pr 1460, (3), 3-6) a 
possibility of are welding copper on low 

el under flux has been demonstrated earlier 
The characteristics of the fusion of the copper 
electrode and of the weld met 
& consequence are here ce 


carbor 


al which forms as 

msidered. The Fe-Cu 
wlloys vith not o 10°, Cu) applied by 
deposition on the el surface mav | ot 
interest for incre the wear resistance of 
I rials 
owlny to 


mechanisms operating in 
The Fe ¢ 
1 high resistance 
extra 


granulated mate 
with over 80°. Cu, 
to ero may be used for 
s of steel fittings such 
, flanges, ete. 

Projection welding of components made of 
alloy steels and titanium I. bk. Tret’yakov, 
\ B. Karan, and G P. Tsar’koy Svar 
Proizv., 1960, (3), 35-37) The 
ing anchor 
ete., 1s deseribed, including the pre 
the pu welding of the elect 
method suitable 
detects 

Electro-slag wens of sulpher cast iron 
Yu. N. Zaitsev, Rogaloyv, and B \ 
Kozlov (Srar ees Is 60, 5), 29-32) Thi 
type of welding may | used with adv 


for parts $0n 


i 
1 @loy 
sion, 
mtacting surtace 


as taps, valve 


process of veld 
huts, connecting pipes, sockets, 
paration of 
rodes and the 


process ¢ 


ees for 


and the f correcting 


antage 
k and over for the purpose 
z defects ana dar 
welded-cast components 
out with electrodes of large 
msumable tips’ mace 
el wires as ‘consume 
im thie 
we lding bath 
fluxes welding sulphur 
cast iron have been foun » be those contain 


of repairing Cas ages and 
for the prod 
It may be 
cross-sectt 
cast iror 
tip’ lectrodes necessitate an increa 
conten yraphi 
The mo suitable 


ing thuc 
Welding up openings by me electro-slag 
method V. 1). Rozhko (Svar. Proizr., 1960, (5), 
38) The welding up of openings by the electro 
slag method can be completed in one-quarter 
to one-sixth the time taken with manual are 
welding, the d by 
a factor of 15 20 and that of electrical ener 
by a factor of | o 2. Th 

is very good 
Electro-slag welding of — 1Kh18N9T 
steel sheet 1. 1). Davydenk« F. Koshevoi, 
and A. |. Nosenko (Svar he 1460, (3), 
23-27) In preliminary expe 
‘tablished that electro-slag welding of 
made of is li ossible and the 
rvstalline 


consumption of flux is reduce 
ZN 


juality of the welds 


riments it has been 
parts 
jomts 
corro 
S10 o ho cold crack ere obsery 
the alternative methe welding. ‘I 
results howey t given by the wire 
electrode Sv IKhISNOI with the 48 OF 6 
flux 

Methods of applying ultrasonic vibrations to 
the welding bath A. A. Hrokhin and L. L. Silin 
Svar. Pre 1960, (5), 4 7) Under real con 
ditions of operation, ultrasonic vibrati 
be transmitted to the welding bath through the 
metal being welded, by the ‘Geotail of a heat 


m8 can 
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resistant or cooled end of a holder or device 
with the bath or through the wire of the elec- 
trode metal which is fed to the bath. An 
efficient way is by actual contact of the source 
of vibration with the bath, a method explained 
in this article. A suitable tape-electrode holder 
is shown in a diagram and expe rimental 
results have proved satisfactory. 

Vibro-arc deposition under flux V. B. 
Shiyapin, Yu. G. Vinogradov, D. V. Leont’ev, 
and EF. D. Lonskii (Svar. Proizv., 1960, (2), 
24-26) The operation is carried out with the 
['sNIL-MA 5 automatic machine fitted with a 
mechanical vibrator of cam type, holding the 
electrode. The feeding rate of the electrode 
wire is adjusted by interchangeable 
gears from 28 to 168 m/h and the frequency of 
vibration may be varied from 6 to 48 per sec. 
The amplitude of the 
adjusted from 0-5 to 9 mm. The sug 
made that this method used with 
advantage for repairing the eroded parts of 
machine components operating under repeated 
variable loads 

New ceramic flux for welding on deposits 
L. G. Livshits and A. (Svar. 
Proizv., 1960, (1), 28-29) A new type of flux 
prepared in the laboratory is deseribed: the 
components Flux AN- 348 A or slag crust, 75 
quality Fe Mn and fluorspar are crushed 
separately on the ball mill and sieved through 
0-02 mm mesh, iron chi heated to 300 
particles The 
fines and large pes cles are sieved through 
0-25 and 2 mm meshes, The proportic 
AN-348 A ftiux or slag crust 35-55°,; iron 
chips 40-20 “e- Mn 15°%,; fluorspar 10 
waterglass 1-44-1-52 .g »5--30° by 
weight of the dried mass 

Ceramic flux for automatic welding of stain- 
less year ee! stool D. M. Kushnereyv and 
M. P. Grebelmik (Svar. Proizv., 1960, (5), 1-4 
I'yvpe K-8 ceramic dee has been worked out 
re “ on the slag svstem CaQ} MgO PiO, 

I ak, 


= 5 pr 


sets of 


vibrations can also be 
gestion is 
may be 


Shirvae. 


ips “ure 
350° to burn off oil ¢ reais 


ms are 


, With predominantly basic oxides 


tbsence of easily reducible oxides in 
the flux and to the deoxidation of the 


bath by Si, no intensive 


welding 
xidation of Cr and Ti 
takes place, thus ensuring low O, content in the 
veld metal 5 

Electrodes - Pag type 347 stainless 
Cr. J. Moore og., 1960, 78, July, 93 
100, 162 163, os rhe, ulties of welding 
Nb-stabilized steels are discussed, and an 
investigation is deseribed in which it is shown 
that a choice between five types of 
may be made with si factory results, depend 
ronment, 


"18-8 


eloetrode 


re and other condi 
tions of service 

Electrodes with a plastic mass coating for gas 
shielding for welding low carbon and te} alloy 
steels A. G. Mazel’, E. M. Rogove 


Sorokin , 1960, 5), | 


ing on ter Pp.» ens 


tvpe of welding electrode 
which instead 
h is used. de 

trodes have ‘ evolved ensuring 


is Sugyested 


plastic TASS ng 


ciency and good mechanical properties 
Filler-rod for the gas-welding of s.g. iron 
R.H.T. Dixon and B. R. Thorneyeroft (Found 
Trade J.. 1960, 108, May 2, 583-589 The 
the development of an Al 
s.g. iron filler-rod with good 
weld-metal 


authors describe 
characteristics and 
ruse in the oxy-acetylene welding 
graphite cast irons. The Al con 
, those of Ni 
. the rods contain otherwise 
appro ; 2-5° Si, 0-4] Mn, and 
0-08 Mey he weld j« 
high level of mechanical properties (12 refs 
New chemical composition of chromium 
nickel niobium austenitic welding wire Z. | 
Koy el man-Serpukhova, V. V. Ardentov, and 
Svar. Pro 1960, (2 7 
the automatic de position of an ant 
surface layer a Cr-Ni-Nb wire 
ition may be recommen 
: »>- 20-5". Cr 1-8 
oO Ni; 0-2-0-45°, Si; 0-9-1-3 
not over 0-03 P and 0-02°.S 

metal of this « 


racks or to flaws related to intererystalline 


ween 0-05 and 0-5°% 


munts have a consistently 


arova 


omposition is not subject to } 


corrosion (in the original when 


tempered at 670 


state and 
and in addition shows a 
smaller tendeney to coarsening. 
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The nature of the metal deposit from coated 
electrodes (investigations with probes) A. N 
Bykov and A. A. Erokhin (Svar. Proizv., 1960, 
(2), 9-12) It has been experimentally estab 
lished that the period of welding passes 
depends on the current strength and hardly 
changes on varying the thickness of the coat- 
ings from 1:3 to 1-7 mm. The time taken for 
deposition with a current above 180 amp. does 
not depend on the weight ratios of the coatings. 

Investigating the welding of 15DXGS casting 
steel V. I. Klementov (Svar. Proizv., 1960, (1), 
9-13) With an increase in the linear energy 
from 3-7 to 12-7 keal/em on the hardness of the 
heat-affected zone diminishes considerably. An 
increase in the proportion of alloy elements 
calculated by carbon equivalent from Ceq 
0-44°%, to Ceq 0-584%, results in a steep increase 
in the maximum hardness of the zone under 
the rolls from 342 to 446 Hy (for a maximum 
rate of cooling). This steel may be welded with 
aco pling ratio of 8 degrees/sec. For a 50 mm 
thickness, the linear energy must not fall 
below 12-13 keal/em and for 18 mm, not below 
6-7 keal/em. 

Weld defects in ore stainless cause 
and cure (Met. Prog., 1960, 78, July, 100-B 
Seventeen examples of welding defects and 
their causes are described and illustrated by 
sketches in this data sheet. 

The carburization of the weld metal in the 
welding of ee. Stes! I. A. Levin and 
V.A. Nikiforoy ’ »., 1960, (1), 16-19 
In the manual or automatic are welding of 
this steel with electrode wire type S\ 
OKhISN9 or EL 606, independent of the carb 
ontent in the wire, car 
ums takes place causing a 
their resis 


burization of the weld 


ny se *terioration in 
tance to interervstalline 


s0uree of cart 


corrosion 
irization is the marble 
of electrodes and nm the 


The main 
sed in the 
ase of automatic welding, the flux. 
Siensthestes the heat- affected welding zone 

of structural martensitic steels LL. S. Popova 

and N. F. Lashko (Sra Proi 1960, 

5) The gre 


oating 


atest tncrease 
etion of the he 
mplex 
els withou 
ton amount 
eontaining 0-26 it 
The melting of the electrode and the fusion of 
the base metal with manual arc welding A.G 
Mazel’ (Svar. Pro , 1960, (1), 13-16) Chan 3 
in the chen l 


the bare elect 


ition and the surface 


available make 1t possi 


nominal tensions in the 

tension 1s relatec 

mes« teal rh the 

cathode 

aayustine + 
than 
ares with low tensions ‘ ensityv of the 


depend on the 


machine 


tension but remains ant. 
Problems in field ‘ae 

molybdenum pipe i 

1960, 78, July, LOL-104) 1 


correct prehet 


chromium 


L.. Skaggs Vet 


Possibilities offered by om C.T.S. weldability 


test H. Granjon (Re: ét.. 
319-326) The 


everity 


1960, 57, April, 
principle a the CTS (controlled 
test is indi 

rt on tests carried out is mad 

"The effect of graphite on the gas content and 
porosity of seams welded under flux 


1960, (3), 21-23 


ated ana a 


L. § 
Sapiro (Svar. Proi Graph- 
H, content in welding under 
duces the O, ane ., contents in the 
¢ in H, in the 
elding batt i denev of the seam to 
porosity dimuinishe ul nay be due to the 
f the active effect of N, on the 
elimination of H, into aseous p hase. 

The effect of the ferrite phase on the resist- 
ance of austenitic welded joints to the formation 
of hot cracks Mi. Kh. Shorshorov, V.S. Sedykh, 
V.N. Zemzin, and A. EK. Runov (Svar. Proiz 
1960, (1 1-4) The index of the 


te increases the 
flux and re 


weld metal, Ir ite of the crease 


duction 


resistance to 





the formation of hot cracks (the critical speed 
of linear deformation) of the austenitic 
ferritic weld metal depends on the proportion 
of the ferrite phase and on the nature of its 
alloying. ‘hus for weld metal IKhION1L2M2F 
steel (with the KTL- 5 electrode) an increase in 
the ferrite from 0 to 4 5' 
from 8to 1] 
ferrite to 12' 
erack formation. For 
15 and ZIO 


-ontinuously from 


increases this index 
12 mm/min. A further inc 
does not « hang e the tendency to 
IKhIONYB steel 
this index ( 
3-6 to 11-12 mm/m 
an increase in ferrite from Oto 10-16 
Aluminium-bronze wane a. 
M. Birkhead and C. \ Vilse (Weld. A‘ 
Fabr., 1960, 28 May, 4... 205) Lave 
mild steel with 9°,.Cu-7°, Al alloy 
and structures are shown Radio 
examination is dealt with. Uses are indicated 
onnes Stainless steels H. R. 
Vv. J ellie (Weld. Met. Fabr., 
June, 23 \ letter raising questions about ar 
article with this title by W. J. Smellie in the 
April issue. The original author replies 
Increasing productivity in the ship yard by 
flame cutting H. Koops and J. Bentfeldt 
Schneiden, 1960, 12, June, 267 
279) The authors describe the development of 
flame cutting during the last decade from the 
simple hand-operated torch to the most up 
to-date elect re d flame cutting 


machine with emphasis on 


rease it 


electrodes 


in wit! 


prapnic 


Brooker and 


1960, 28, 


Schweissen 


mically controll 
special raising 
productivity in the shipyard. The preparation 
welding by flam« 
gs in time effected by the 
application of this process are also considered 
Distortion problems in oxygen-cutting 
1 ». S. Semper (Weld. Met. Fabr., 1960, 28, 
June, 229-232) A review of various modes of 
distortion and methods of avoiding them. 
Use of flame gouging in the repair of a kiln 
A. Buchholz (Schweissen Schneiden, 1960, 12, 
May, 236-238) In the repair welding of a cast 
steel journal of a kiln for the drying of lignite 
coal, was employed in the 
preparation of the crack which was 2 m long 
The wall thickness of the journal was 90 mm 


of edges for subsequent 


eutting and the savin 


flame gouging 


MACHINING AND MACHINABILITY 


Cutting-force measurements on curve- and 
—* oo B. Leibinger (Werkstattstech 
1960, 50, June, 312-319) Cutting force mea- 
surements on curve and 
showed that the fores 
as hitherto assumed. The measurements were 
carried out with strain gauges \r.G 

Investigations on the surface deformation 
and the depth of penetration of the deformation 
in the machining of steel F. Lihl and H 
Lawatsch irch. Eisenh., 1960, 31, March, 
173-175) A radiographic method is described 
for the determination of surface deformation 
and its penetration as a function of cutting 
rate and depth, and feed 

Machining characteristics of leaded steel 
F. L. Bagley jun. and R. Mennell (7'rans 
ASME J. Basic Eng., 1960, 82, June, 347-3 
RPL 23/6; PB 142078, 1959, Feb., pp.5 
effects of lead addition to alloy ste« 
metal cutting process were explored 
In particular ar 

from 50 to S00 fpn and 

hardness (from 230-450 Bhi 
investigated on one work-piece material (4340 
principally a carbide cutting tool. The 
conclusions are l he effects of Pb on the 
cutting mechanism were revealed only below a 
critical speed which was found to decrease for 
increased workpiece hardness. The effects of 
Pb include coefticient of 
friction, increased shear angle, decreased shear 
energy, and lower cutting forces below the 
critical speed. (3) An increase in cutting speed 
tended to decrease tool life more with leaded 
than with plain steel. (4) The lead additive 
acting as a lubricant on the chip-tool interface 
was found to be the mechanism whereby the 
above effects were produced below the critical 
speed. (5) It is proposed that the critical speed 
is directly related to the tool temp. 

Phenomena occurring during cutting with 
knives H. Klemm (Freiberger Forschunash., 
1957, (B12), pp.81) The author distinguishes 
between cutting power and preservation ot 


shears 
about twice as large 


routing 
‘8 are 


wide ranye of conditions 
of cutting speeds 
workpiece were 


using 


decreased machining 


cutting power as the 
knives. The 
studied and it is proposed to test ther 
pressing thro 
Phe pressure cutting method has the 
tage of straining the edge more 
other cutting test. The 
studied, as 


main ecritena of cutting 


process ¢ lunting of knives 
h a soft materis 


than it is « 
in any wear processes 
knives have also been 
effect of com 


preservation of cutting po 


position on cutting 


hardness on cutting power 1 
many other points (28 refs 

Manutactoring improvements i in the fabrica- 
tion of calibre .30 armour piercing cores |). | 
Siefi T' Conf. on Metals rocessing, 16 
17 18, 1957, Oct.: PB 7 " Ihe 
advantages of decres le tu 
aut i AC 
finish grinding of the 

0 

discussec 

Designing for easier machining and accuracy 
‘ Kreitmever Pr Ir Tech. Conf. on 
Vetals Process 
PB 151308, Py 
methods and het 


articles during mar 1 


Results in terms of time and capital saved 
Applications and limits of the machinability 

test with increasing cutting rates: a short-time 

method for testing machinability H. Koelzer 

and K. H. Marte Werkstattstech., 1960, 50, 

June, 301-304) The rt 
ne test for the appraisal o 


of a material which ma 


autt 


tional machinability test 
cutting rate is Conti 
experiments reporte 
between the new 
A number 
ranging trom. 
rhe limitatior 
allow 
within each group of steels, ar 


ild st« 
steels 
results compariso! 
izatio nis not possible r.¢ 

Machinability ae and the use of the 
radiometric methods | Daasch (Proc. Ind 
Tech. Conf. on Metals a is 17-18, 
1957, Oct.; PB 151308, p 7 nvestigati 
of tool wear during machining 
radioactive trace 
method is extremely usefi Wr ¢ ing cut 
ting fluids and tool desig R 

Routine wong arya testing alds opel 
tion RK. F. Mennell ( Pro ‘ ( 
Metals Processing, 16 r 18, 
PB 151308, pp.8) Machinabilit 
a strain 


erations | Isl! 


ussed The 


Lv davnamometer ul 
graph recorder, to measure at ‘ 
principe roree m the cutting ol 
machinur eseribed R.D 

Status report on Brvttte cutting tool material 
W. B. Kennedy (P Ind. Tecl 
Vetals Pre 1957 
PB 151308 
cutting toc 
life, in relat 


during 


' 
Is is 
surtace finish. Stud 
materials to d 
Evaluation of physical and shoutest proper- 
ties of various carbide tool tips (. Underhil 
and F. J. Crow Proc. Ind. Tech. Conf , 
Metals Processing, 1957, Oct 
PB 151308, pp.l4) The etermination of the 


following properties ve nade on e¢ sarmple 


ate show res 


composition density, miucro ‘ re, hard- 


ness, grain size, carbide composition, together 
with the range 
Metallographic 


for quality 


of variation for each property 
examination is a valuable tool 
aluation of sintered carbide 
materials R.1 

Molybdenum ane bo omg alloys bk. J 
andford (Eng. Me Design., 1960, 3, March, 
148 151) Reeent progress is re wed in the 
ring of various Mo and W 

itting egde 


casting an sinite 
ols and 
utable 
alloys and give 


alloys “d for 
article 
cedures for these 


describes s metal 


several coating techniques for 
oxidation of those allovs 
16 refs A.T. 


ised in high temp. 
applications ( 

Damping cutting vibrations H 
(Machinery, 1960, 96, June a 
Milling studies on cast iron, steel, 
rail steel with carbide 


Frommelt 
1241-1244 
and high-Mn 


and ceramic tips are 
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desenbed er-impregt 
material for the shank as very 
preventing vibrations 
Trepanning G. Hutsor 
Conf. on Metals Processing 
Oct PB 151308, pp.i6 
stigations, and pr 
f trepanning 


investigations on continuous and inter- 
go copying systems for turning machines 
VW facke DIZ, 1960, 102, Mas 1, 529) An 


abstract 


mange of ap; atl ead 
Does the twist drill with special point offer 
any economic advantages in the drilling of grey 
cast iron? H. L. Hall, W. Grehn, and 
Wunsch (Wer 1H60, » 50, Jun tO5 
su Wh n iriilir rre castings witl 
ially pointes wist drill ‘ we life of the 


as longer by l Ol ui) if the 


stattatedt 


of the cs iy was prepared, and almost 
the corres 
iterialize 
than the 

standard 
Progress made in grinding and lapping of 
sintered cemented carbides [3. Kleinschmidt 
Vetall, 1960, 14, June, 567-569) The 


f synthetic diamonds for rinding 


merite 

lapping, 

and honing of sinters cemented carbide tools 

are pointed c lustrated. The use of 
orrect: Dince ” m V eels 

importance 
Electrode 
reatment, 


s also of great 


ret 
materials .) .. Adeock (Met 
1960, 27, March, 103-112) The 
veys the range rials 


lectrodes and 


ithor sur\ of suitable mate 
ailable for spark-machining 
onsiders their relat 1 respect of 
utting properts s and lo e. The 


an extensi 


paper 
mstructi 
1 ’ \ M 
Seizure in mashine-teools J. Leonard 
Met., 1959, 15, ) ) 229-243 


CLEANING AND PICKLING 


Pickling 1200 tons of steel per week Stewart 

i Lloyds Ltd Ly ygin Nickel Alloys, {1960 
6 33-34) Me r pme | 

Complex unit ‘ter ‘pickling sheet and strip 

R Mants +R rot S. Kaush 

A. A m lva ur 


. 1960, (6), 558 


Pickling before electroplating “ 
und S. Ya. Grilikt Klectropl 
1960, 13, Ju 

R ian | k 

a T I I 


Effect of halide ‘addition to Spee acid 


pickling bath M. Haftel W Reichel 
ITL Test No. 2896; PB 3171 , 1957 eb., 
,0; from j es fep., 1959, 31, 

I ) + uy i addition 

range o 1 to o inhibited H,SO, 

kling baths ft 


r mild steel and special irene 


nt steel has been investigated S.H.-S 
Bg ee of 1”, carbon spring steel J. W 
f Vet. Treatment, 1960, 27, Sap 
gation into tt effect 
eating for quenching 
carburization, hardenabilit 
fatig ” rties of a carbon ste ‘ o 
hot-formec ring 3 described, together with 
the effect of su quent shot-pee It is con 
cluded that the removal « i by the 
initial heating results in a decrease in the depth 
of decarburization and an increase in harden 
ability. If this is followed by shot-peening the 
fatigue limit is raised by 100 A.H.M. 


ning 


»f scale forme 
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Descaling and undercoating of alloy tubes in 
new installation at Wallingford Steel (/ndust. 
Heat., 1960, 27, March, 542-548) Stainless and 
alloy tube is cleaned and coated to aid final 
drawing to close tolerances. The basic opera- 
tions are immersion in a Kolene salt descaling 
bath, in H,SO,, and in Granodraw SS. The 
salt bath, operating at 900°F, has sludge 
settling pans which are removed during opera- 
tion.—K.E.J. 

The foundations of the production of high- 
class surface finishes Curti-Jung (Metall- 
Reinigung + Vorbehandlung, 1960, 9, June, 87 
90) The tools for obtaining high-class surfaces 
by polishing are briefly described.—T.«a. 

Surface conformation of metals under high 
nominal contact pressures LL. H. Butler (Meta- 
lurgia, 1960, 61, April, 167-174) To obtain a 
bright polished surface after such processes as 
wire drawing, strip rolling, impact, extrusion, 
ete., requires conformation between the de- 
forming tool and the material without metallic 
pickup and seoring occurring, This article dis- 
cusses the effect of lubricant characteristics 
and metal surface topography on the degree of 
conformation. It is shown that a thin semi- 
continuous lubricant film may easily be 
mechanically trapped at the tool to metal 
interface—the metal subsequently being de- 
formed largely via fluid pressure. Such con- 
ditions lead to the production of a matt non- 
reflecting surface on the deformed material. 

Recent trends in electro- and chemical 
polishing K. Pinner (Electropl. Met. Fin., 1960, 
13, June, 205-214) Steel finishing, especially 
chromic acid treatments, are included. 

industrial electrolytic brightening of alu- 
minium and steel S. Tajima (Metalloberflache 
1960, 14, June, 177-181) After a brief historical 
survey the author discusses the advantages 
aud limitations of electrolytic brightening in 
general and describes the plant required for the 
process on an industrial scale. In this part only 
details of Al polishing are given.—1.«. 

Test methods for alkaline cleaner for con- 
ditioning treatment for acid cleaned cooling 
systems RK. kb. Wagner (CCL PB 151727, 
1958, Feb., pp.9; from US Govt. Res. Rep., 
1959, » 5 Sept. 1, 312) Methods of separation 
of PO,, B,O;,, and CO, ions were modified 
giving a precision of ~~0-2%. The methods 
developed should - included in the military 
specification MIL 10597 B. 

Shot blasting aoe subsequent mechanical 
cleaning of strip steel before cold rolling H. 
Hohle, H. Pannek, and W. Brinker (Stahl 
Eisen, 1960, 80, July 7, 913-918) Experiments 
on the mechanical pickling of steel strip after 
hot rolling are described. Shot-blasting alone is 
not sufficient, acid pickling after shot blasting 
cuts down pickling time and acid consumption 
to a large degree. The use of ultrasound is 
effective only if the strip is given a surface pass 
before cleaning. The degree of reduction of this 
surface p ~~. depends on the nature of the scale 
and on the degree of scale removal in the shot 
oe aero. 608 r.G 


PROTECTIVE COATINGS 

Actual problems in the plating industry 
H. W. Dettner (Metall, 1960, 14, June, 544 
546) The author summarizes the existing prob 
lems in the with regard to 
either with 


plating industry 
unprovement of the 
respect to better corrosion-resistance or to 
better decorative effects. In this connexion the 
importance of short-time 
emphasized pf S 

_ Towards the automated plating process (:. 

exby (Met. Ind., 1960, 96, March 4, 187-1990, 
192 The detail with 
various aspects of the automation of the plating 
process. Chemical control systems are des 
cribed together with automatic agitation by 
high-fre quer energy. X-rays can be 
used for measuring plating thickness while 
temperature control can be achieved using 
thermostatic methods and a motorized scann 
ing switch.—A.H.M. 

Macro- and micro-throwing power and 
levelling of plating baths ki}. Raub and A. von 
Krusenstjern (Metall, 1960, 14, June, 521 
524) The concepts ‘macro-throwing power’, 
‘micro-throwing power’, and ‘levelling’ are 


deposits, 


corrosion tests Is 


deals in some 


author 


sonkK 


explained and a number of examples quoted to 
elucidate them. A number of micrographs 
show the ee between true and false 
levelling.—‘. 

The adhesion of surface layers on metals 
H. . Engell (Werks. Korros., 1960, 11, March, 
147. isi) Relations between adhesion and 
surface forces are discussed, and departures 
from the ideal case to be taken into account in 
practice are reviewed, due to crystal structure, 
lattice defects and plasticity, and method of 
producing or bonding the layer 
(13 refs). 

Finishes for protection against corrosion A. 
Elliott and J. H. Dickson (Product Fin., 1960, 
13, May, 54-61) A reprint of a chapter from 
the book ‘Laboratory Instruments, their 
Design and Application’. 

Porosity of plated coatings (VS Techn. 
News Bull., 1959, 43, Sept., 161-162) Tests on 
the Ferroxyl and other methods and a dis- 
cussion of the influence of gases on porosity are 
noted. 

Adoiph Plating, a mechanized job shop }. A 
Blount (Products Fin., 1959, 24, Nov., 24-33) 
An account of a Chicago Company plating 
with Cd, Zn, and Cu. 

Today’s chrome plate finishes F. Giordano 
(Product. Eng., 1960, 31, July 4, 36-38) Im- 
proved duplex chrome and duplex nickel 
tinishes for car bodies or fittings are compared 
with the ordinary types. 

The effect of flow rate and current density on 
the electrolytic removal rate of iron and copper 
from a Watts nickel solution A. M. Max and 
M. L. Whitehurst (Proc. Amer. Electropl. Soc., 
1959, 181-187; discussion 377) The deposition 
of Cu in a Ni solution is controlled by the 
diffusion rate of Cu through the cathode film. 
It is unaffected by current density but in- 
creases with increasing flow rate of the solu- 
tion. With continued deposition, the roughen- 
ing of the cathode surface increases its surface 
area and hence the rate of deposition. Iron is 
not deposited below a critical current density 
but above this value increase in flow rate 
increased the rate of deposition. The conver- 
sion of iron to Fe(OH), occurs under oxidizing 
conditions at pH> 3. The removal of copper 
and over a limited range, of iron 
logarithmic decay curve.—A.D.H. 

Magnetic properties of ectrodeposited 
nickel and nickel iron films S. Magari (Vet. 
Phys., 1959, 5, July, 160). 

_ Hot- ~dip galvanizing (Corros. Prev., 1960, 7, 

sb. 54; from Metalloberflasche, 12, (11), 

I'he principles underlying the pro 
tective action a a galvanized coating are dis- 
cussed, and various conditions of use are con- 
sidered. Post-galvanizing treatments, and the 
various applications of the process are re- 
viewed, 

Hot-dip qenainn E. Braaten (Tek. Uke., 

1959, 106, Oct. 1, 789-797) Hot-dip galvaniz 
ing in Norwegian practice is described, and the 
use of the product 
discussed. Met 
cussed 

The role of hot galvanizing in the fight 
against corrosion lt. Souské (Corros. et A 
1959, 7, Dee., 434-439) The quality of deposits 
of zine produced on steel by hot galvanization 
derives, in the first place, from the care 
to different operations used. 
ed in order to evaluate the 
deposits: (1) 


coating, (3 


surface 


follows a 


in corrosive conditions is 
allurgy of the process is dis- 


nticorr, 


piven 
Tests are describ- 
resistance of zinc 
purity of Zn, (2) thickness of 
temp. of galvanization. 
of deposit particularly depends upon grades 
of Zn, temp. of galvanization, duration of im- 
mersion, and speed of shrinkage.— s.H.-s. 

Future prospects of hot dip galvanizing H. 
Bablik (Met. Bull., 1960, Zine special issue, 
larch, 57, 59, 61, 63) A brief review with esti- 
mates of future demands. 

Gaivanizing at Harvey’s (Corr. Prev., 1959 
, OUet., 53-55) The methods followed at the 
Woolwi th Road plant of G. A. oyhs yy & Co. 
London) Ltd., are described,—s. H. 

Zinc coatings on iron and steel: 
—— BT 


Thickness 


‘ Design 
Parker Vet Fin. J 
1960, 6, April, 131-133, 150) Size, 


shape, com- 
eting hot-dip 
the life of 


note on 


and similar factors affec 
galvanizing and also those affecting 
the coating are 
welding. 


plexity, 


discussed, with a 
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Plating zinc on steel from pyrophosphate 
solution LD. Povey and U. F. Marx (Proc. 
Amer. Electrop. Soc., 1959, 70-75, discussion 
363) A pilot plant investigation of the electro- 
deposition of zine from a bath 
Zn,P,0,, 3H,O0 80, K,yP,0, 300, potassium 
citrate 15 gm i, at 55°C 1s described. Optimum 
operating conditions are given, and compared 
with those for zine eyanide baths. The pyro 
phosphate bath will — be cheaper to 
operate than the cyanide. -D.H. 

Improved tinplate production technology 
G. F. Chub (Stal’, 1960, , 457) A note from 
Zaporozhstal’. Sn temp. was raised to 350°C 
increasing production by 4°), but as greater 
thickness was thus deposited an experimental 
roller and brush machine was tested. Other 
topics, including the use of tracer isotopes for 
Sn thickness gauging, are mentioned. 

Aluminizing p ts of sulphur cast iron 
F. L. Al’ter-Pesotskii (.Metalloved. Term. Obra. 
Met., 1959, (12), 51-52) A process of Al coating 
is described giving a thickness of 0-3 mm with 
satisfactory results. 

Aluminizing of steels (Nat. Wet. Lab. Ann. 
Rep., 1958-59, 7) During the year several 
samples were aluminized for service trial such 
as auto-mufiler parts, articles of post and tele- 
graph pole line hardware and plumbers hard- 
ware samples. 
achieved. 

“4 of stainless steel (Nat. Met. Lab. 
Ann. Re 1958-59, 7) Stainless steel samples 
were eins Erase to obtain scaling resistance for 
high temp. applications. Heat resistance tests 
at 800°C were carried out with 
results. 

Dip aluminizing of steel wires K. Janecky 
(Hutnik, 1960, 10, (2), 61-64) [In Czech] Hot 
dip wire aluminizing processes are reviewed 
For annealed wires the process is equivalent to 
hot galvanizing, and more economical. The 
high temp. of the Al-bath results in annealing; 
hard wires cannot therefore be produced by 
the method, as a re-draw would be required. 
This has not yet been solved technologically. 

Deposition of copper on mild steel wire Nat. 
Met. Lab. Ann. Rep., 1958-59, 12) Coils of 
mild steel wire were electroplated mi bright 
Cu from an alkaline cyanide bath containing 
various brighteners. The coatings were bright 
and firialy adherent without any discontinuity 
even after drawing. 


containing 





A good measure of success was 


satisfactory 


A further series of exper- 
iments on electroless copper coating were con- 
ducted and uniform adherent coatings of 
copper were obtained varying trom VU 0002 to 
0-0003 in thick. 

Levelling power of copper — baths 
with addition of complexing agents | Berto 
relle, I. R. Bellobono, A. Scarati, and C. 
Bernasconi (Proc. Electrop. Soc., 1959, 
64-69; Determination of the 
effect of 0-001 M additions of organic reagents 
showed that no variation in crystal structure 
was caused even in the presence of those which 
have a pronounced effect on cathode polariz- 
ation. Hydrogen overvoltage is considered to be 
an important factor in 

Chromium in 
removal i). Laue 
1959, 188-194; 
chromate contamination of 
plating solutions are 


Amer. 


discussion 363) 


promoting levelling 
cyanide solutions and its 
Proc imer. Electr« p. Soc., 
discussion 377) The effects of 
copper eyanide 
described and procedures 
for their removal by precipitation by mordant 
dyes, e.g. alizarin, are given. A.D.H. 
Electrophoretic deposition of metals, metal- 
loids, and refractory oxides V. A. Lamb and 
W. E. Reid jun. (Plating, 1960, 47, March, 
291-296) Operating conditions are detined for 
the process. Conversion to practical coatings 
requires chemical reduction and _ sintering, 
further development before 
practical coatings are 
li-Ni alloys on 
tion.—-8.H.-8 
Chemical conversion coatings it. F. 


(Proc. Amer 


being ne 
achieved. Coatings of 
steel warrant further 


COssary 
investiga 


A vres 
Electrop. Soc., 1959, 81-92; dis- 
cussion, 364-365) General principles of the 
pr duction of conversion coatings on steel are 
discussed. The nature of phosphate 
and their effect on surface 


coatings 
roughness are in 
vestigated and the characteristics of chromate 
coatings are described.—a.D.H. 

Conversion coatings. Chromate films L. F. 
Spencer (Met. Fin., 1960, 58, Jan., 58-65) The 





structure, applications and properties of 
chromate films are described. The process is 
compared with phosphating.—A.D.H. 

A new British Standard for phosphate coat- 
ings (Met. Fin.J., 1960, 6, April, 134-136, 150) 
A review of BS.3189:1959 and a comparison 
with DEF-29 

Surtace texture: Its influence on organic 
finishing Db. H. Lloyd and W. (Proc. 
Amer. Electropl. Soc., 1959, 104-112; discus- 
sion 366) The influence of steel surface finish on 
the smoothness of 
cussed.— A.D. H. 

Plastic coated steel S. S. Carlisle (New Sci., 

1960, 7, Feb., 25 471-474) A general account. 

Plastic on steel_PLATAL (Werk: und Wir 
1959, 7, Sept., 299-304) A description of the 
manufacture and properties of the plastic- 
coated sheet ‘Platal’ produced by Dort- 
munder Plastik G.m.b.H. 

Built-in sales appeal pays off (Jron Age, 1959, 
184, Oct. 22, 202-204) The wide range of 
application of coated metals is listed. Produc- 
tion has increased 100-fold in five years and 
further expansion is predicted.—-a. 

Properties stand up to service under rigid 
testing (Jron Age, 1959, 184, Oct. 22, 205-207) 
Details are given of physical properties and 
resistance to abrasion, chemicals, 
and staining A.G. 

improving the quality of chromium plating 
(Sheet Met. Ind., 1959, 36, Dec., 804, 
Details of a new British Standard ‘Electro- 
plated Coatings of Nickel and Chromium’ are 
given which includes provision for thicker 
coatings of Ni tests for corrosion resistance and 
tests to ensure that plated finish will not easily 
peel away. The article describes the new Mond 
Nickel labelling scheme for Cr plated products 
and the B.N.F. Plating Gauge for the deter- 
mining of the thickness of electroplated coat 
ings A.H.M. 

Plating anodes D. J. Fishlock (Met. Ind., 1959 
95, Oct. 9, 177-180) The author gives examples 
where the use of an insoluble anode is required. 
Various types are described with special refer- 
ence to Cr plating anodes. A useful table is 
given summarizing the recommendation in the 
choice of anodes.—aA.H.M. 

The effect of working conditions of a complex 
urea-bearing sulphate electrolyte on the compo- 
sition of iron-chromium nickel alloy deposits 

V. Machu and M. F. M. El-Ghandour (Werks. 
Korr., 1960, 11, July, 420-425) The working 
eonditions for a Fe-Cr-Ni bath that gives 
deposits which corre ae nd to that of stainle 
steel have been established. As the three 
metals impede each other in their de position 
the cathode efficiency is very low and reaches 
25% at the maximum. The phenomena occur 
ing at the cathode have been studied in detail 

Wiggin nickel anodes for electroplating 
H. Wiggin & Co. Ltd (WU ggun Nickel Alloys, 
[1960], 58), 6-8) 

Automatic pH regulation of nickel-plating 
solutions G. Gabrielson (Met. Fin. J., 1960, 6, 
June, 239-242) Effects of acidity variations 
are noted and the arrangement using a 
electrode for automatic 
described. 

Chemical nickel piating ©. Fitzgerald-Lee 
(Product Fin., 1960, 13° May, 68-70) A des 
cription of the Kanigen process. 

Study of testing of galvanized wire after 
W. H. Preece >. Horstmann (Stahl Eisen, 1969, 
80, July 7, 931-935) Studies of the reliability 
and consistency of the Preece test for galvan- 
ized wire showed that it cannot be recommend- 
ed for practical use.—T.G. 

Occurrence of ‘beard’ structure and special 
features of the diffusion processes in the forma- 
tion of iron zinc layers in hot-dip yy 
H. a kK Gotzl, and E. (Arch 
Eisenh., 1960, 31, June, 331-336 “The struc 
ture of a form of Zn coating differing from the 
usual structure of Fe—-Zn coatings is discussed 
and termed ‘beard’ structure. This is caused by 
disordered distribution of individual & 
in a Zn ground mass. The 
formation is discussed 

Hot-dip aluminizing of steel wire and sheets 
(Nat. Met. Lab. Ann. Rep., 1958-59, 36-37 
Laboratory scale 
and a pilot plant is being constructed 

Vapour plating by vacuum evaporation 8. J. 


Stein 


painted surfaces is dis- 


moisture, 


807) 


rears 


adjustments is 


rvstals 


mer hanisn of this 


tests have been successful 


Williams (Electropl. Met. Fin., 1960, 13, July, 
247-251) Cd deposition and the 
resistance and adhe 
sion is improved by grit-blasting the 
surface 

Electrochemical measurements on the passiv- 
ation of a steel with 18°.Cr and 8°.,Ni A. 
fahmel and W. Schwenk (Arch. FHisenh., 
1960, 31, March, 189-193) Current-density 
time curves on passivated non-stal ilized 18/8 
steel showed the existence of a rex 
rent in density-time law, 
on the basis of the electrochemical formation 
of surface layers. Quantitative evaluation of 
the results gave passive layers of about 20-45 A 
thickness. It is shown that the 
these layers is due to processes 
nucleation and grain growth (20 refs 

New continuity test for phosphate coatings 
W. M. Kisner (Proc. Ind. Tech. Conf. on 
Metals Processing, 16-17-18, 1957, Oct.; 
PB 151308, pp.11) Development of a repro- 
ducible test for phosphate coatings to replace 
the existing unsatisfactory tests is described. 
Results show a fairly good 
tween the poorly coated and the satisfactorily 
coated samples, in contrast to — 
obtained with the salt spray test. .D 

ry _—— of cover coat ‘enamel to 
steel S. E. A. Ryder (Inst. Vitr. Enamel. Bull., 
1960, io, * ag 361—368) Reasons for dispens 
ing with the ground coat and results achieved 
are indicated. Talysurf studies of the 
finishes are shown. 

Factors affecting the enamelling of cast iron 
baths A. W. Murdoch (J/nst. Vitr. Enamel Bull 
1960, 10, May, 351-359) 
thermal expansions of the 
cororsion resistan¢ 
finish, 
viewed. 

Wettability of enamel-metal systems RK. M 
King and R. L. Cook (Inst. Vitr. Enamel. Bull., 
1960, 10, Jan., 254-260) It was shown that 
ground coat and one coat Ti white enamels in a 
dry furnace atmosphere in the absence of Fe 
oxides did not wet iron surfaces. The effects of 
various amounts of Fe oxide and of furnace 
moisture on final contact angles are examined. 

Blistering of wet process vitreous enamels on 
cast iron—some facts and theories I). 8. Evans 
and A. D. Morgan (Inst. Viir. Enamel. Bull., 
1960, 10, Jan., 261-274) Theories of 
formation are reviewed, vidence is put 
forward that the gases responsible are oxides of 
earbon formed by direct and indirect oxidation 
of C in the 
Methods of minimizing blister formation are 
discussed. 

Influences of enn’ in vitreous enamelling 
of steel G. P. K. ¢ (Inst. Vitr. Enamel. Bull., 
1960, 10, Jan., 2 ve 253 Sources of H, are dis 
initial H, content of the ste el, 
and OH-ions in the glass structure, combined 
water in enamelling clays and moisture in 
furnace atmospheres. The behaviour of H, i 
evaluated by cathodie charging and methods 
of eliminating H, and its effects are reviewed 
(40 refs). 

Successful protective anticorrosive painting 
B. Soderlund (Tekn. Kem. Atk 1960, 17, (7), 


99Q_9 


corrosion 
Adhe 
steel 


sion are discussed 


iprocal cur 
which was explained 


formation of 
related to 


demarcation be- 


it 
resuit 


resulting 


’ 
Casting defects, the 

metal and enamel, 
e, enamel opacity, 
and causes of 


suriace 


briefly re- 


rejects are 


blister 
and e 


iron by atmospheric oxygen 


cussed 


water 


G.E. installs giant 7 coating system J. A 
Kinn (Products Fin., 1959, 24, Nov., 34-39 
An illustrated account of the new General 
Electric plant at Louisville operating at up to 
30 ft/min and applying three coats | mil thick. 

Method of testing the chemicai resistance of 
internally —— sample trays A. Werner 

Werks. Korros., 1960, Nn, March, 155-156) A 
method of testing the suitability 
tinishes for use in ex 


of lacquer 
mnitainers for transport et« 

Test of paints for water tank interiors J. LD. 
Keane and J. Bigos (J. Am. Water Works 
1960, 52, May, 623-630) Tests lasting 
from Dec. 1950 to Sept. 1958 are reported. 
Vinyls performed well 


Assoc., 


POWDER METALLURGY 


The iron powder plant at Alan Wood Steel Co. 
J. W. Traub and K. W sruland (Jron Steel 
Eng., 1960, 37, April, 167-174) A deseription 
f this direct-reduction plant and its operating 


of 
principles. The fluid bed ‘H-iron’ process is 


ABSTRACTS 


used, in which iron oxide is reduced with H, at 
below 1000°F, 100 psi 
Powder metallurgical ‘Production of iron 
aluminium wires 1). Nagy (Koh. | 
4, Nov., 493-498 ‘ itho ce 
Hungarian on t 
10% Al, 90° Fe alloy wire 
ameter 0-40 mn P.K 
Sensitivity of electrochemical “ey to me 
degrze of sintering B. Bovarnick 
Tech. Conf. on Metals Processing 17 18, 
1957, Oct.; PB 151308, pp.! electro- 
chemical test as a me ri , 


at a pressure ot at it 


, 1959, 
ascribes 


experimer! 


ans of de 
degree of sintering of tron powd 
investigated. Results were supple: 
metallographic examination. It 
that the techniques and findings of the 
ments have very wide potential applicat 
both in the investigation of fundar 
physical phenomena and to employment in 
engineering and industrial technology R.D 

Sintered iron-base alloys for machine parts. 
V. Properties of sintered iron copper alloys. 
it T. Watanbe, Y I ijl, and i Hayashi 
(Rep. Inst. Ind. Res. Inst. Nagoya, 1958, a 
Feb., 105-109) Quenched and reheated com 
pacts single or double pressed were examined 
for precipitation hardening and tensile 
ties 

Vacuum sintering F. G. Cox 
1960, 2, July, 41-61 


furnaces and 


ental 


proper 


(Murex Rev., 
Induction and other 
their construction, vaci 
gauges, and specific applications of the process 
are described, hard metals and the 
rarer metais 
Mass flow in sintering metal powders Y. 
Masuda (Met. Phys., 1955, 1, May, 101-107) 
[In Japanese 
The dependence of density, electrical resis- 
tivity and microstructure upon the process of 
sintering in Fe-Al-Ni Magnet alloy K. Shida 
ppon Kinzoku, 1959, 23, April, 199-203) In 
FeAl,-Ni-Fe system (Fe 63, Al 12, 
25 , the resistance at 700°C falls to 1/26 
1/58 of that in green compacts, sugyesting that 
diffusion has set in. At 1250°C there is rapid 
alloying, and after 90 min. at 1350°C only 


ompacting pressure has a 


ium 


such as 


%-phase if present. ¢ 


greater effect when a liquid phase 
than present, ar 


is absent 
id sintering temp. has a greater 
effect than time K.E.J 


FERRITES CERMETS AND 
CARBIDES 


Properties of manganese ferrites prepared at 
various oxygen pressures A. Braginski (J. App 


Phys., 1960, 31, Supplement, Ma 
ferrite s« id solutions MnyFesy O, y 
1-14 were investigated. Lattice defects 
formed during sintering and tacilitated both 
the reduction of oxidation pro 
cooling depending upon the oxygen pre 
applied. The c« 
stant sintering 
content, 


339s) Mn 


, O-87 


esses during 
ssure 
meentration of defects at con 
temp ine 


reased with the tron 


especially at v l 

Studies on ferrites X. Microscopic structure 
of O.P. magnets os 2FeO oe 2FeO, 
ZrO.,; As 0. and Bi, 0, Takei, M. Sugimoto, 
and T. Hishinuma . Sci. Res Pvt 1956, 
32, July, 106-111 

Ferrites and oxides S. lida 
1960, 31, Supplement, 


Kineti 


. Phya., 

May, 2 The 
aling effec 

ferrites stuciied bs ‘ navacal 

mechanis! jue tative cak 

annihilat annealin 

anisotropy ! sother l annealing acc 

exact! tal result 

f 


netic 


ords 
errites density 
in Fe 
study at the de 
degre xidatior mply make 
the time constant ie relax 
longe sistent 
sugge ; ly ma 
near vacancies can rearran tpidly 
The kz walls in ferrites M. Paulus (Compt. 
1960 250, vt b. 15, 1213-1215) It is 
veral walls 
metic materials, 
, 1960, 29, Feb., 
materials with good load- 
earrying capacity at temp. of 1L0O0O'C 
ipwards lead to the development of 


The cormets | Ve 
60-62) The need for 
and 
cermets 
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which are metal ceramic mixtures. The article 
gives a brief historical note followed by a 
description of the sintering method of produc 
ing cermets. An outline is given of a newly 
developed method where molten metal and 
ceramics are flame sprayed in alternate layers, 
the mixture is then crushed and hot-pressed. 
Examples of the successful application of cer 
mets are given which include lining of chemical 
reaction mperature 
and protective sheating in atomic reactors 
Cermets of zirconia-iron series. 11. Stabiliz- 
ation of zirconia with lime S. Naka, H. Mat- 
Noguchi (Rep. Gov. Ind, Res 
1955, 4, 292-296) [In 


vessels, high te bearings, 


sumoto, and © 
Inst., Nayoya, 
Japane abl 


June, 


PROPERTIES AND TESTS 


Development of materials testing on the 
German railways | roe to 1927) KR. Kuhnel 
(Materialpriifung., 1960, 2, April 20, 134-139 
The development of the mate rials testing 
German railways is des 
eribed, commencing with the 
of Wohler, with reference to 
problems (22 refs 

improvement in the quality of ferrous and 
copper metals Nouv., 1960, March, 13) 
A review of investigations made by Etabl. 
Merlin & relative to improvements In 
quality of steel, copper, brass, and bronze. 

A simple laboratory furnace for temperatures 
of up to 3000°C L.. Hinz and R. Bruckner 
(Elektrowdrme 1960, 18, May, 166-169) A 
resistance furnace using a tubular 
element of W with a rating of about 7 kW is 
described and illustrated. Temp. of 2800°C 
may be maintained over long periods and 
3000°C reached. The uniform temp. 
zone is small, about 30 mm long, with a 
diameter of 20 mm T.G. 

Physical and mechanical properties of nine 
commercial precipitation hardenable stainless 
steels 1). A. Roberts D. B. Roach, and A. M. 
Hall (UMIC Rept. 112; AD-214, 194, PB 
151068, 1959, May, pp.83; from US Govt. Res 
Rep., 1959, 32, Sept. 11, 367) Steels tested 
include martensitic and austenitic types. Room 
and elevated temp. properties, and the effect of 
heat treatment on these properties are re 
ported 

Properties of certain cold-rolled austenitic 
Stainless sheet steels K. J. Mangone, D. B. 
Roach, and A. M. Hall (DMIC Rept. 113; 
1 D-214845; PB 151069, 1959, May 15, pp.64; 
from US Govt. Res. Rep., 1959, 32, S« ry Il, 
368) Information is given on the prope ain of 
five austenitic steels cold-rolled to the fully- 
hard and extra-hard conditions. 

On the plastic deformation of steel M. Puebla 
Camino (/nst. Hierro Acero, 1960, 8, Jan., 100 
109) A review of the ways in which 
materials such as plasticine have been used to 
study the mechanical deformation of metals, 
and the results of such studies, is given.—P.s. 

On the Griffith Irwin a theory J. L 
Sanders jun. (J. App. Mech., 1960, 27, June, 
352 of the present paper is to 
mathematical formulation of the 

rion for crack extension according to the 
Gri “iflith Irwin theory in path- 
independent line inte gral a he derivatior will 
be made for the case of a crack in a ! late where 
the plane stress theory 


organization of the 
first fatigue tests 


some specific 


(U' sine 


Germ 


heating 


may be 


various 


353) The purpose « 
a new 


terms of a 


applies but it may 


generalized easily to other cases 
dimensional elasticity, shells, ¢ 

Effects of directional ordering on the damping 
of zone meited iron Kk. &. Maringer (/. App. 
Phys., 1960, 31, Supplement, May, 229s- 230s 
Damping measurements have been made as @ 
function of temp. and time on zone melted high 
purity iron to which carbon or nitrogé 
been added. Two main effects exist. 
distortion of the 
dependent decrease in 
been called the 


on have 
These are a 
Snoek peak and a time 
damping which has 
magneto-elastic after-effect.’ 
Magneto-elastic after-effect data for 
melted iron containing carbon 
analysed and shown to yield relaxation times 
in good agreement with those expected on the 
assumption that the effect is controlled by the 
interstitial diffusion of carbon. 

Dislocation damping in metals 1). H. Niblett 
and J. Wilks (Advan. Phys., 1960, 9, Jan., 


zone 


have been 


Journal of The Iron and Steel Institute 


1-88) A detailed review of internal friction at 
low, medium, and high temp. with discussion 
of the Bordont peak and of amplitude-inde- 
pendent conditions at low-strain amplitudes 
with a survey of theory (125 refs). 

Influence of a magnetic field on the damping 
of specimens of iron of varying purity F. 
Dubosi and J. Talbot Compt Rend., 1960, 250, 
March 14, 2025-2026) It is shown that dis 
placement of the block walls has a considerabk 
influence on damping. 

internal friction study of cold-worked iron 
containing nitrogen 1). Petarra (A FOSR-TN 
59-270; AD 212704; PB 142004, 1959, April, 
pp.31; from US Govt. Res. Rep., 1959, 32, Oct. 
16, 497) A mechanism explaining the complex 
behaviour of 220°C peak height as a function 
of annealing temp. is advanced. The 
process directly affects the height of the 
internal friction peak and indirectly the 
internal friction peak, Th 
tionship is brought out.— s.H.-s. 

Dislocations in metals 1. Habraken 
Humaniame, 1959, (60), 57, 4), 5-28) A rev 
of dislocation theory with illustrations and 
diagrams (14 refs) 

The measurement of residual stresses J. 
Pomey (Bulletin SFM, No.27, (Editions 
Science et Industrie), pp.15, reprint) Various 
methods of analysis of residual 
classified and described. 

Method for the detection of stresses in the 
individual zones of a hardening structure H. 
Borchers and A. Safferling (Arch. Eisenh., 
1960, 31, May, 287-290) The method described 
consists in using 
and cut into small bars in directions 
parallel to the quenched surfaces. The stresses 
were determined from the elastic recovery of 
the specimens, and the results compared with 
the electro-acoustic results obtained by Kaiser’s 
method (ibid., 1953, 24, 43-45). 

The bearing properties of 1°..C Cr steel as 
influenced by steelmaking presties R. F. 
Johnson and J. F. Sewell (JJSI, 1960, 196, 
Dec., 414-444) [This issue}. 

Rupture of silicon iron sheets and related 
creep phenomena ©. W. Chen (/J/S/, 1960, 196, 
Dee., 385-389) [This issue 

Mechanical aspects of the brittle fracture of 
steels W. Svete (Rev. 1960, 16, (2), 
165-194) A description of the causes of brittle 
fracture is given. It is concluded that the 
chance of the occurrence of brittle fracture is 
very slight in view of the extent of plastic 
deformation. A study is made of the behaviour 
of the defective piece. The most important 
problems remaining to be solved are: the 
capacity for deformation of a defective piece, 
the establishment of methods of heat treat- 
ment of steels so as to be able to use them in 
the most ductile condition, and the 
the effect of accumulated energy on the proper- 
ties of brittleness 

Investigation into effects of carbon and 
nitrogen in temper brittleness in steels K. J. 
Stodden and J. W. Fredrickson (WAL 310 
110-16; PB 134984, 1949, Nov., pp.76; from 
US Govt. Res. Rep., 1959, 31, Jan. 16, 39 
Brittle failure in tension was not obtained for 
tempered martensitic 
ven when subjected to tem- 
per embrittlement and testing at temp. 

190°C. Wire tensile specimens having tem- 
pered martensitic microstructure were notched 
circumferentially and tested in tension at from 
room temp. to 190°C. A plot of reduction 
of area at base of notch versus testing temp. 
revealed a transition from high ductility at 
higher temp. to lower ductility at reduced 
temp.—-S.H.-s. 

Embrittlement of alloy steel at high strength 
levels L. J. Klinger and W. J. Barnett (WA D¢ 

TR 53-205 1D 22974; PB 135418, 1953, 
July, pp.89; from US Govt. Res. Rep., 1959, 31, 
Feb. 13, 101) Embrittlement on tempering 
quenched steels to high strength levels is a 
precipitation or ageing phenomenon. A struc- 
ture of 100°, bainite is not subject to em- 
brittling reaction. It is proposed that em. 
brittlement arises from localized precipitation 
of cementite in prior austenite grain boundar- 
ies which precedes the general precipitation. 

Hydrogen embrittlement relief of phosphated 
steel R. E. Bessey (SA-TR 18-1067; PB 


recovery 
230°C 
height 


ot room temp 


stresses are 


sample plates quenched on 


two sides, 


Soudure, 


wire specimens having 


microstructure, ¢€ 
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study of 


140744, 1959, Feb., pp.12; from US Govt. Res. 
Rep., 1959, 32, Sept. 11, 368) Tests made on 
unphosphated steel, Zn- and Mn-phosphated 
post-treated by low-temp. heat treat 
ment and by room-temp. ageing as specified in 
MIL-P-16232B for relieving H, embrittle 
ment of phosphated steel are not effective for 
this steel. 

Friction characteristics of sliding surfaces 
undergoing subsurface plastic flow M. ©. Shaw, 
\. Ber, and P. A. Mamin (Trans. ASME, J 
Basic Eng., 1960, 82, June, 342-345) It is well 
known that the load of an ordinary friction 
slider is supported by a large number of surface 


steel, 


asperities having a collective area that is small 
compared with the apparent area of 
The metal in bulk beneath 
asperities is elastically loaded. In many opera- 


tions the bulk métal un es plastic defor- 
of this 


contact 


such surface 


mation as sliding oce he influence 
subsurface flow upon the coefticient of sliding 
friction is discussed np est procedure 
for studying the characteristics of 
liding metal surfaces, or of which 

d to plastic flow in bulk is described, 
and representative data are presented for both 
dry and lubricated sliding. 

The effect of ball bearing steel structure on 
rolling friction and contact plastic deformation 
R. D. Drutowski and E. D. Mikus (Trans 
ISME, J. Bas a 1960, 82, June, 302 
308 The rolling friction, contact plastic 
deformation and elastic limit were determined 
for SAE 52100 steel structures with retained 
austenite contents from 0 to 18-4°,.. The force 
necessary to roll a 
the retained 


is being 


ball on a plate decreased as 
austenite was decreased rhe 
contact ssary for the initiation of 
plastic deformation and the elastic limit of the 
material increased as the retained austenite 
content decreased from 18-4 to 3-9 No 
further change occurred when the retained 
austenite was reduced to zero. The extent of 
plastic deformation at very high contact 

reduced by the presence of 
retained austenite contents up to at least 
74°... These observations were used to select 
the best steel structure for an instrument ball 
bearing . 

The significance of surface finish on friction 
wear and lubrication A. Sonntag (Reprint from 
Seminar on Ru riction, Lubrication and Wear, 
Lucerne, Sept. 17, pp.8) Surfaces and the 
measurement of psd roughness and its 
significance in frictional studies are discussed. 
Wear life was measured d test 
rings and blocks 
21 refs). 

Lubrication by solids J. Gaensheimer 

Reprint from Seminar on Friction, Lubrica 
and Wear, Lucerne, 1959, Sept. 18, also 
Indian Railway Engineer, 1960, 7, Jan., pp.8 
Measurements of steel-on-steel friction in pres 
ence of MoS, and other lubricants are made 
and discussed with reference to surface form 
and the mechanism of lubrication (24 refs 

Contact area of rough surfaces 1. V. Kragel- 
Demkin (Wear, 1960 3, May 
A proposed formula giving real 
area of contact and joint rigidity is advanced. 

Friction and wear poe in seized 
pistons A. D. Haag (Wear, 1960, 3, May—June, 
219-234) [In German Pistons jammed by 
thermal expansion have been examined sho 
ing that in spite of the oil film, mechanical 
damage to the surface occurs as the 
local ed is high enough, and « 
shows that this is also the case 
Wear is therefore due 
to surface fatigue as well as to abrasion, 

A replica method for examining wear and 
scuffng in cylinder anaes \. P. Young and 
C. M. Schwartz (We 1960, 3, May-June, 
235-240 

A magnetic study of some iron nickel 
aluminium alloys Wang Huan-yuan, Chang 
Shou a , and Pan Shiao-thur (Acta Phys. 
Sin., 1960, 16, April, 214-228) The tieline of 
the two-phase region B + 8’ was followed. 

Permanent magnets S. Shtrikman and D. 
Treves (J. Appl. Phys., 1960, 31, Supplement, 
May, 58s-66s) In studying the maximum 
remanence of random assemblies of aligned 
partic les with various anisotropies the main 
assumption is that on removal of the field 


stress nece 


stresses was 


on sand-blaste 
and the results are di 


sky and } J 
June, 170-187 


as soon 
lectron micro 
in the 


sCOpY 


submicroscopic region, 








after saturation tt magnetizatior 
that preferred crystal 
the smallest angle applied 
field. The in any dires 
tion is discussed and a relation between its 
parallel and transverse comp 


direction which includes 
with the previously 
maximum remanence 


ynents derived 


Coercive force and remanence of 25-A to 
2000-A diameter cobalt, iron and iron cobalt 
alloy F. Ek. Luborsky and T. O. Pair 
Phys 1960, 31, S ipplement, May 
rhis paper reports an experimental 
the size dependence of the coercive 
remanence essentially spherical 

‘ y alloy particles over the 
25 Ato 2000 A. The coere 
re emp. coefficients 

approach to single 

py constants \ 
tation and the 


behavi 


nation 
articles and shape 
malt alloy particles 
pntron variation of the magnetic properties 
of elongated single-domain iron particles F. | 
Luborsky ond 3 ©. Paine (J. Apy 8 
1960, 31, Supplement, Mav, 66s-6 
magnetization curves of oriented 
particles have been 
1nd pac 


orces 


hout as 

tions ine istent with ¢ re 

A more listic model is proy 
interpretation of the magnetic and crystallo- 
graphic properties of several iron, nickel, and 
iron nickel nitrides J. 8. Goodenough, A. Wold 
and R. J. Arnott (J } 1960, 31, 
her s42s he saturation 


vi th 


pre 
the 


erystallir 

comy } 

Magnetic behaviour in the transition region 
of a hematite single crystal * S. T. Lis 

Phys poe Mi 7 

The r 


111} y 
the trar n gion, 

The analysis of cementite in chromium steels 
by measurement of its _ properties 
W. Kor \ er is, al H. R 


gs elations 


es and tl 
arb chang 
tions in Cr steel are ‘ 
"The induced magnetic anisotropy in \ evapor- 
ated films of wage iron alloys M. Prutto d 
I M. Bradley c. Phys. S 1960, 78, 
April, 557-574 
Applying non-destructive test standards to 
improve product quality and reliability (:. W. 
MeDerr tt Gen Vv ws Er J.. 1960 os 
April) May 3? ‘ f 
metnods 
according 
important 
rejection o 


terms de 


Magnetic analysis of an iron single crystal 
S. Yamaguchi (Z. Metallk., 1960, 51, June 
340-341) Electron diffraction of an F« ! 
crystal showed the presence of the 
effect when the ervstal was mag 
saturated. In the absence of a magnetic 

» such effect was « 

Letter: Thermal and magnetic analysis of an 
Fe Ni alloy by an electron beam technique S 
Yamaguchi (J7S/, 1960, 196, Dec., 462) [This 


»hbserved 


issue] 
The coercivity of nickel and iron wicket 
alloys — plastic deformation | —_ ll 
id G. Schmelzer (Z meyer yt be nfgees 
349 : ereivity 


reated by the deformatior 26 refe 
Principles of measurement and testing possi- 
bilities of the voy gre Q method in the steel- 
making oe Micha a 
teria ng, 1960, 2, F 


eometry 


ocations ¢ 


of the t 


itst S 

"a double pulse eddy. current rT, system 
C. J. Renken and R. G. My 1 5935, 
1959, June, pp.34 fom US G t te Rex 
1959, 32, No v.13, 648) No abstract.—-s.H.-s 

Influence of carbon content and experimental 
temperature on the strengthening and specific 
electrical resistance of ferritic and austenitic 
steels during cold working E Schmidtmann, V 
Kalla and H Brandis f , 1960, 31, 
May, 299 { lear rel 


was discuss 

seemed of sound velocity and attenua- 
tion with the impulse ultrasound apparatus and 
——— to cast tron and cast steel W 
(ira ter F ish, 


1960 105, Mat 


Listance pte ‘ 
The velocity a sound as a ertiadion for a 
ead ot propertics of cast iron K. Zi 


tsh.. 160 105, \ 


Study on the possibility of a quantitative 
determination of the attenuation of the sound 
intensity by means of _ ultrasonic impulse 
apparatus KR. Gerst Be itte nn 
Monatsh., 1960, 105, Mar pril r} 


Ultrasonic testing. of wire W. Papsdorf 

Stahl Eisen, 1960, 80, . 153-954) A new 
sae aia ee wire between 0-1 and 
dia. is briefly reviewe 


Detect location in sheet by ultrasonic ‘plate 
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waves’ H. Wiegand and H. H Vaterial 
1960, Feb. 20, 45-50 1¢ principle of 
this method for testi 
its application to the location « t s types 


prufung, 
leseribe 
illustrate \ xarr ] using 
equipmen marnul ac if i \ at 
Heppenheln The examples inclu 
defects 

High resistivity nickel iron alloys wah yee 
tangular hysteresis loops A. Hart (rit 
Phys., 1960, 11, Fet 58-60 A etcrmata te 


surface 
and slag inclusions 


t 4 
Ni-Fe al 
ns Ch al 
er «ai hay 

ot any 


with simila 


Ni and i n the rat BF ym par 
50/50 grain orientec ] he Mo al has 
ywer coerci " esistivit but 
ts saturation flux densi ne 20 
Depth of aeeenaen - an impacting p pro- 
jectile Kk. A. Graham Phys., 1960, 31, 
March, 619-620 lette Experiments con- 


duc 


fire 


net i 
Ultrasonics for metallurgical testing and 
measurement J. 8. Morgan (./. Met., 1960, 12, 


May, 392-397) Several met 3 f é bed 
i the 


_ Notes on ultrasonic testing » 
YOU ss, March 107 


The most favourable conditions for the non- 
destructive ultrasonic testing of cast iron test 
pieces: interpretation and compares of 


results obtained J. (). Mart z (Mth 
Vee lier / 


Behaviour of ultrasonics in the presence of 
various types of defects which may be found in 
welds |’. Hust iM r wl. Techn 

1959, 13, ; 


Radiographic investigation of the destruction 
of steel specimens by tension-compression 
alternating stresses. Part 11 P. Muller and 
Ma erau senhti 1960. 31, Ay 


enemas fuoroscoping. spots Pipe weld 
defects United 
046, April 11, 96 
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moves over it. The shadow image of the weld is 
thrown on to the fluorescent screen of an 
intensifier, and is then projected (greatly 
magnified) on a television monitor screen. An 
inspector, who controls the movement of the 
pipe, can thus detect any flaws.—pD.L.c.P. 

Radiographic weld testing in assembly shops 
QO, Grossi (Ing. Mecc., 1960, 9, March, 41-47) 
The applications of industrial radiography in 
controlling welds carried out in the assembly 
shop are described. Information is also given 
regarding types of radiographical 
equipment and techniques applied in the 
assemb ly shops. 

improvement in the method of wee 4 
welded joints L. A. Shchekin and A. 
Starostin (Svarochnoe Proizv., 1959, (12), 30 
31) To eliminate existing shortcomings in the 
taking of X-ray pictures of welded tubular 
joints up to 300 mm dia. and of thick welded- 
on layers, special arrangements for marking 
and for the attachment of the film cassette are 
explained. This arrangement has been in use at 
the Ordzhinikidze Podol’sk Works with satis- 
factory results. 

Revealing the traces of overheating in the 
Structure of steel by X-rays bb. A. Leont’ev 
(Jzvest. VUZ Chern. Met., 1959, (8), 87-89) 
After overheating to the given temp. above the 
critical point, the investigation of the marten 
site transformation in cooling by X-rays 
reveals the texture characteristics of overheat- 
ing. This texture persists after repeated heat- 
ing of the steel within the temp. 
tempering, and gradually disappears after 
exceeding the upper critical point. The correla- 
tion between the disappearing texture maxima 
on the X-radiograph and the changing aspect 
of the fracture becomes clear. The temp. of the 
total disappearance of the overheated struc- 
ture corresponds to Chernov’s point b. In this 
way the X-ray method of control of a pre- 
viously overheated steel is more universally 
applicable than judging by the appearance of 
the fracture it makes possible the 
detection of traces of overheating when these 
no longer appear in the fracture 

X-Ray measurements of elastic stresses in 
metals Kk. Schibol’d and Kh Shtroppe (Vetal 
loved Term. Obra. Met., 1959, (10), 16-19) The 
chief methods for measuring deformation may 
be divided into mechanical, optical, and X-ray 
methods. Mechanical methods are mostly used 
but the X-ray methods first used in the late 
*thirties have gradually spread and now enjoy 
great popularity. The advantages of these 
methods are explained 

Study of changes in intensity and width of the 
X-ray interference lines of Fe Co alloys under 
deformation G. M. Vorob’ev (Jzvest. VUZ 
Chern. Met., 1959, (9), 101-110) Under plastic 
deformation of Fe Co alloys the distortion of 
the third order increases throughout the entire 
range of deformation investigated. With an 
increase in distortion breaking up of the blocks 
takes place. The proportion of the substance 
not taking part in the diffraction of X-rays 
with increasing deformation. The 
average dimension of the zone of coherent dis 
persion of X-rays, measured by the width of 
the lines, reaches its lowest limit with a reduc 
tion of about 20° 

Cobalt inspection unit detects flaws in vital 
castings Southern Pacific Foundries (Iron Age, 
1960, 185, Mareh 17, 102-103) A flaw-detecting 
radiograph unit for testing castings such as 
atomic power plant valves is described. The 
1000 Curie radioactive source is ®Co, and 
thicknesses up to 10 in. can be tested with a 
Bensitiy 


Various 


limits of 


because 


mcreases 


ity of 1%.—-D.L.c.P. 

The inspection and control of welds by 
gamma radiography J. Metayer (\Mét. Const. 
M é¢ 1960, April, 261-269) The use of 
radiography for inspection of weld beads, with 
choice of 


standards, and 


sources, Operatiy 
described Cesieon character 
istic defects of welding beads are shown 
Alpha excitation functions of iron-54 S 
Tanaka, M. Furukawa, M. Yagi, S. Iwata, and 
H. Amano (J. Phys. Soc. Japan, 1959, 14, 
Sept., 1251) Excitation functions of the 
reactions “Fe (a, n) 57Ni, Fe (a, p) 57Co, 
4B e (x, 2n) Ni, and *Fe (x, pn) *Co were 
measured by the activation method. The 
results are plotted on was 


apparatus are 


graphs. o (a, p 


generally a few times larger than o (a, n). 
o (x, pn) was larger than o (x, 2n) by a factor of 
100. Owing to the poor knowledge of the decay 
scheme on ®*®Ni the latter result is somewhat 
ambiguous. The results are analysed on the 
basis of the statistical theory of nuclear 
reaction. 

Effect of nuclear radiation on engineering 
materials A. H. Cottrell (Chartered Mech. Eng., 
1960, 7, March, 105-118) In the forty-sixth 
Hawksley lecture the pattern of 
hazards in various reactor projects, the handl 
ing of their materials with special reference to 
their resistance to radiation, eres Ps and corro- 
sive attack are followed by a review of radia 
tion damage, knock-on damage, knock-on 
damage in graphite, radiation hardening in 
metals and radiation embrittlement of steel. 
teactor pressure vessels, and their safety 
against brittle fracture, the dimensional insta 
bility of U, radiation creep 
fuel elements, swelling of 
covered in a review of 
moderated 


Thomas 


, and the bowing of 
by fission gases are 
gas-cooled, graphite 
reactors. The value of modern 
theory for attacking the problems encountered 
is noted in view of the extremely expensive and 
time-consuming nature of experimentation on 
reactor materials 

The special behaviour of nitrided 1Kh18N9T 
Steel during long time exposure at high tem- 
perature A. V. Kostenko, E. V. Lopukhina 
T. M. Pogrebetskaya, and A. A. Yur 
(Fiz. Met. Metalloved., 1960, (6), 868-877) The 
increase in the depth of the nitrided layer and 
in its weight with the time of nitriding at 680 
proceeds according to a parabolic law. The 
saturation of this steel by 
phase 


yenson 


nitrogen shows a 
transformation in the surface 
partial decay of the austenite with segr 
of the magnetic «-phase 


laver: a 

gation 
Cr binds the nitrogen 
in the form of nitrides of the composition CrN. 
A prolonged exposure at 680 
appearance 


results in the 
of a two-layer seale the external 
, and the 
(CrFe),O3. The 


surface one of which is Fe,O 
layer a complex 
nitrides dissociate. 


The distribution of the elements in complex- 


inner 


oxide iron 


alloys on an iron base M. A. Krishtal and FE. P 
Rikman (Fiz. Met. Metalloved., 1960, (5), 790 
792) In a complex alloy a high temp. anneal 
does not increase the uniformity of its chemical 
composition. The experimental data here 
reported show that in the case of alloy elements 
of the Si and Titype when present together, a 
high temp. anneal results in an opposite effect, 
i.e. it reduces the uniformity of their distribu 
tion as a result of which the free energy of the 
svstem diminishes 

The stability of the conditions arising with 
the ordering of the work-hardened Fe.Al 
alloys Ya. P. Selisskii (Fiz. Met. Metalloved., 
1960, (3), 472-472) The different heating 
eurves plotted from dilatometer readit 
Fe- Al alloys of different initial structural con 
ditions, all heated at the rate of 5°/min are 
considered. The that the 
structural condition appearing as a result of 
the ordering of the deformed lattice is more 
stable im the heating than the 
structural condition which occurs as a result of 
the ordering of an orig 
first 

impairment of the properties of tungsten 
steel F 233 magnets J. Terraza Martorell and 

M. Bermudez de astro y Mosquera (Hierro 
y Acero, 1960, 13, Jan.—March, 320-377) The 
different methods ol measurement of the mag 


ws tor 
conclusions are 


subseque nt 


rinal structure which was 
quene hed 


neti prope rties of ferromagnetic materials, tor 
determining magnetization curves and eveles 
of hysteresis are described, in the graphs cover 
ing magnetic variations due to times and temp. 
of annealing and times of sintering.— 8.H.-8s. 
Investigating texture and the anisotropy of 
magnetostriction in Fe Al and Fe Cr alloys 
M. M. Borodkina, Z. N. Bulycheva, and Ya. P 
Selisskii (Fiz. Met. Metalloved., 1960, (3), 390 
399) The deformation texture of these alloys is 
characterized by the following three main mag 
netic directions, (100) [O11]; (111) [172], and 
(112) {110}. There exists a measurable relation 
between deformation texture and recrystalliza 
tion: The intensification in the (111) [172] ori 
entation results, after tempering, in the devel 
opment of the (110) [001] and (100) [001] 
orientations, which may also be achieved in 
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rolling with small total rates of reduction (50 
60°, and a few intermediate anneals. Rolling 
with a large reduction (80-90°,,) and one anneal 
results in an intensification of the (112) [110] 
orientation, and after a final tempering, to 
complex orientations not ensuring the needed 
anisotropy of magnetostriction in the sheet. 

The temperature magnetic hysteresis of 
silicon-iron L. V. Kirenskii, D. A. Laptei, 
Drokin, and R. P. Smolin (Fiz. Met. Metallo 
ved., 1960, (3), 337-344) Ferromagnetic bodies 
placed in a constant magnetic field change 
their magnetizability with changes in temp. 
Up to the present, the relevant investigations 
were carried out on polycrystalline specimens. 
In this paper experiments with the thermal 
magnetic hysteresis (TMH) on monocrystals 
are described. The iron contained 3-8°,Si. The 
specimens were cut by etching along the 
principal and intermediate crystallographic 
planes and were annealed in vacuo at 1100° for 
4h and then cooled slowly. 
ments of the TMH in the directions [100] [110 
and [111] are shown on graphs 

Special features of the relation between the 
energy of the magnetic anisotropy of the Fe Al 
alloys and temperature |. M. Puzei (Fiz. Met 
Metalloved., 1960, (2), 279-282) The atomic 
magnetic ha of the Fe-Al alloys in the 
domain of the Fe,Al phase is similar to that of 
alloys with fe rromag metic cemente 
different values of their magnetic 
(Fe-Ni; Ni-Fe-Mo: Ni-Co; Ke ( 
Al alloys some 
viz.: the 


fesults of measure 


with 
moments 
. In the Fe 
special features are observed 
depe ndence of the 


stants on temp., the 


anisotropy con 
of a maximum, 
the existence of an inverse ratio 
change in sign, Le. 
netic alloys, the 


prese nce 
and of @ 
peculiarities of ferromag 
components of which 
different magnetic moments. 

Anomalies of the magnetic properties of the 
Fe Al alloys at high temperatures Sh. L. 
Zusman (Fiz. Met. Metalloved., 1960, (1), 41 
47) The Fe—Al alloys containing 8-12°,, of Al 
by weight have, at high temp., properties 
typical of the perminvar alloys. At room temp. 
the traces of ‘perminvariab ility * appear in the 
form of the iners 
to the action of strong magnetic fields and of 
abnormally low values for residual induction. 
A regular relation between the perminvar 
effect and that of the thermo-mag 1¢ 
has been observed (in a magnetic 
occurs and the 
assumes its normal shap« 

investigations of the influence of nonmetallic 
inclusions on the demagnetization losses of iron- 
ag ag mggerd sheet 1). Seeger (V DIZ, 
1960, 102, May, 529 530) A brief abstract of a 
thesis to appear in Arch. Evsenhiit., The effects 
properties of the presence of 
nitride inclusions are discussed 

The electrical resistance of the Fe. Al alloy in 
cold deformation and in the subsequent 
thermal treatment Ya. P. Selisskii (#2. Met. 
Vetalloved., 1960, (4), 633-635) The electrical 
resistance was measured on a series of cold 
deformed specimens, later annealed at 850° for 
20 min. and cooled at different rates. It has 
been noticed that the drop in the electrical 
resistance ot defor 


changes 


have 


ased sensitivity of these alloys 


cction 
field increas- 


ed remanence hysteresis loop 


on magnetic 


with an increasing degre« 
mation is accompanied by texture 
An analysis of texture has shown that it con 
sists, in addition to the (O01) [110] orientation, 
of at least three more complex orientations 
which persist in the recrystallization texture. 
The effect of copper on Ganstormer steel 
N.F. Dubrov, L. A. Gorlach, and M. \ 
Stal’, 1960, (7), 645-646) Steel with 4-6 
shown to be 


Vasko 

Siis 
adversely affected by Cu. For 
steels standardized by specific losses an 
limit of O-4°,Cr 
pe rmeal 
Q-2°, is suggested. 


upper 
1 and for those standardized by 
vility in weak magnetic fields a limit of 
Steels for service in very 
weak fields of ~0-008 amp. turns/cm or less 
should be free from Cu as far as practicable 
X-Ray analysis of iron vanadium alloys after 
plastic deformation and a L. I. Mirkin 
(Izvest Z Chern. Met., 1959, (11), 93-96) In 
the Fe + 2°,V alloy no measurable distortions 
of the [Ind order occur in cold plastic deforma 
tion or in filing. The blocks in the rolled metal 
are of the order of 5 x 10-8 em, i.e. smaller than 
in the iron subjected to the same treatment. 
During the tempermg of deformed alloys the 
blocks grow much more slowly than in iron. 





X-Ray analysis of the changes in the struc- 
ture and mutual arrangement of individual 
Forma in specimens of low alloy iron during de- 

rmation by simple tension \. N. Sheherbakoy 

N. Nagovitsyna, and I. 8. Osipov (Fiz. Met. 
adhe 1960, (4), 510-514) The method 
consists of taking X-ray photographs in a flat 
cassette placed at right angles to the primary 
X-ray beam of the interference lines at a small 
angle. The specimens were flat parallel plate 
lets 0-05 x (8-9) x (22-24) mm and made by 
rolling a previously annealed sheet of 0-5 mm 
thickness. The prepared specimens were sub 
jected to a recrystallization anneal at different 
temp. and with different times of ageing. The 
interference lines so taken gave 300-400 spots 
which were then examined under different 
degrees of tensile deformation from 0-05%, to 
5-4°, and the interpretation of the interference 
lines with every 
disc ussed, ; 

The application of X-ray scanning micro- 
ar to some metallurgical problems |). A 

elford and P. Duneumb (Metallurgia, 1960 
$1, May 205-212) The scanning technique in 
X-ray microanalysis is described; its particular 
value lies in the detection of the distribution of 
a constituent or imp metal. A 
number of quoted, e.g. the 


degree of deformation is 


inty within a 
applications are 
effect of hot-shortimne 


mild steel; the segre 


ss of surface segrey in 
gations of les n free 
utting steels, et« 

" Abeeegiion of the ‘beta-radiation of “Co in 
refractory materials 1). M. Shakhtin and D 
Kovalev (Zavods. Lab., 1960, (2), 17 
use of B-radiation fe 
problems needs a 
absorption coeffici 
which are refractory 
practical cc 


w solving various scientific 


precise knowledge of the 
nt of the rials, among 
materials. The« 
msiderations of this problem are set 
out and the findings for the different refractory 
materials investigated are tabulated 
Ultrasonic attenuation in SAE 3140 and 4150 
steel | P. Papadakis 1D 213478; PB 
142424, 1959, April, pp.93; from US Govt. Res 
Rep., 1959, 32, Oct. 12, 498) Atte 
longitudinal 


mate 


retical and 


nuation of 
studied by 
$140 and 


ultrasor waves 18 
blocks of SAI 
rine 88 Te 


pulse echnique in 
4150 steel to det chanism and 
find methods for precision testing mi 
structure of materials. Seattering by 
grains in px 
atten 


iIverystalline steel is responsible for 
iation in tempered steel. Critical quanti 
grain dia 
variation of 
grain. Diffracti 
relevant to 
ments are 


ties are and root mean square frac 


tional elastic modulus of a single 
1 corrections and other iten 
ultrasonic attenuation 
mentioned S.H.-s 
Attenuation of ultrasound, structure and 
degree of homogeneity of cast iron and cast 
steel RK. Mitsche ( Berg-hiittenmanr VW onatsh 
1960, 105, March April, 52-60) The author 
reviews present knowledge of the relation 
ultrasound attenuation 
structure and reports on his 
to elucidate this 
whether 
zones exist 


measure 


between and micro 


wwhinvestigations 
relation, in particular the 
ultrasonically homog 
in castings. He concludes that at 
of the u 
attenuation of 


question eneous 
present the ay | leation 
urement of the ultrasound is 
neither feasible for an appraisal of the structure 
nor for the dete 
microcracks, fine 


tegral meas 


etion defects such as 

spong ete r.¢ 
Ultrasound: a tool for metallurgical research 
. Stager an t eister (Berg-hittenmann 

VMonatsh., 1960, April, 60°74) The 


of certain 


pores, riness 


105, March 
velocity of iiteanonnd which can be 
easily and accurately has been used for the 
determination of the elastic constants of 
metals including pig iron, cast iron, and steels; 
the elastic constants are: elastic modulus, 
shear modulus, ratio, and 
pressibility pete ee of the dete 
the effect of 
elastic constant ts are 


mie asured 


Poisson’s com 
rminations and 
ucrostructure on the 
deseribed r.¢ 

Ultrasound: one of the many methods for 
testing a R. Schinn (Berg-hiittenménn. 
Monatsh., 1960, 105, March-April, 74-76) The 
usefulness and wide applications of ultrasonic 
testing of large steel castings and forgings are 
briefly described r.G. 

Quality control of iron castings by ultrasound 
G. Bierwirth (Berg.-huttenmann onatsh., 
1960, 105, March-April, 76-83) The author 


reports experience gained during the last two 


various 


years in a car factory on the quality control of 
mass-produced iron castings. In spite of the 
still existing deficiencies in the ultrasonic 
method of testing —which the author believes 
will be reduced or even eliminated in the 
future—-the method has its merits as it is non 
destructive and therefore applicable to very 
large numbers —T.G 

The practice of ultrasonic testing of large 
steel wy W. Rauterkus (Berg-h a n 
Vonatsh., 1960, 105, March-April, 83-88) The 
author desc ‘ribes the practice of Polio 
testing of large steel castings and discusses the 
difficulties encountered and points out the 
differences in the appraisal of a forging and a 
casting. The internal structure of a casting may 
lead to a wrong judgment and it requires long 
experience 
tests before a final appraisal can be made 

Relation between the results of ultrasonic 
testing and the strength properties in plain 
carbon steel castings 2. Krainer (Berg 
hiittenmann V 1960, 105, March 
April, 89-90) The reflectogram of de ! 
is never a straight line but 
ber of little peaks. Destructi 
showed that these peaks are inhor 
in the material. If these litth 
uckly when moving the probs 
an be assumed that 
harmless, 


pieces may be iu 


mann 


and in many cases also destructive 


mmatst 


samples 


large num 


be | 
although 


a strong damping eftes i obser 
moving the probe head 
be expeeted r.G. 


Studies on defects in models 


1060, 


@ serious detec 


R. Gerstner 


105, March 


} 


serg-huttenmann Vionatss 
April, 88 89) Tests on defects inn 
that the amplitude of the ack reflection 
iltrasonic vibration 2 not dir 
tional to frequency, 
of the defes 
unpredictable 
attributes the 
a near the probe head 


rndels s 


ectly propor 


distance 
that 
author 


larities to 
rence phenomen . 

Application of ultrasonic testing to cast iron 
rolls RK. Gerstner (Berg-hiittenmann. M 
1960, 105, March April, 91-92 rhe main 
erties of a cast iron roll the ould be 
ill depth of 
rtion of spheroidal graph 
graphite cast iron rolls, 


matsl 


proy 
ietermined with ultrasound are: cl 
chill cast rolls, prop: 
ite in spheroidal 
lulus, and the pre 
The author describes the procedure for the 
determination of each iten r.G. 

Magnetic contribution to the ultrasonic 
attenuation in annealed and deformed steel 
(SAE 120) W. J. Bratina, lt M. Martius, and 
DD. Mills (./. Appl. Phys., 1960, 31, Supplement, 
May, 241s 242s) The absorption of ultrasound 


of ~3 Me/see frequency was investigated u 


lastic moc sence of defects 


low-carbon steel as a function of elastic strain 


applied in the presence of constant magnet 
tields. The major part of the observed attenua 
tion changes appears to be due t 
the amplitude of the d 
while the domain contiguration changes appear 
to have relatively little effect. The maximun 
observed in the attenuation strain cur 
plastically deformed mat 
the presence 
The dependence of X-ray diffraction pattern 
upon the process of sintering in Fe Al Ni 
magnet alloy K. Shida (Nippon Kinzoku, 1959, 
3, April, 203 205) For the FeAl, Ni Fe 
system, the changes of X-ray pattern at 700°¢ 
corresponding diffusion 
are described At 1250°C a new x)-phase 
appears in the 


ariat‘:on tn 


main wall bration 


erials is attribute 


of internal stresses 


with various stages of 


Particle size has an 


rate 


pattern 
effect on homoge Excel 
lent magnetic properties can be obtained with 
the comp Fe63, Ni25, All2 K.E.J 
Recommended practice for radiographic 
inspection of circumferential fusion welded butt 
joints in steel pipes up to 50 mm (2 inch) wall 
thickness fw, Commission V (Souday 
14, March April, 119 124) Reeommendations 
are made for the inspection of welded butt 
joints on tubes, and other evlindrical bodies 
e.g. pipes, penstocks boiler tanks, 
vessels, etc. They should not be ex 
standards for the approval of but only 
from the viewpoint of radiog raphy S.H.-S 
Radiographic determination of a phase with a 
preferred orientation |!’ and R. 


Intense nization 


sition 


1960, 


pressure 


msidered as 


joints 


Jastien 
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Margerand 1960, 


1656 


Compt. Rend., 250, Feb. 29 
An accurate method let 
a two-phase alloy is described 


nee to the cc 


1658 rmin 
ing a phase in 
with particular refers 
1-phase of an unstable 

The principles of gamma-ray attenuation |! 
Pohl (Technik, 1960, 15, June, 413-418) Using 
the prine —— ray atten 407] 


ains the require! nts or 


id-worked 


austenitic steel 


IALTION and al 
tion the author exple 
materiais used tor y-ray protectior 

Width and intensity of the Mossbauer line in 
iron-57 M. Cord: Ha s, N 2 n, and 
P. B. Moon (P1 Phys. S 75, Mas 
SI1O-811) A letter 

The qeetens of radioisotopes in metal- 
lurgy “ Kohn (Bull. Cercle Etudes Mét., 1960, 
8, March, | 33) A survey o e prope of 
the principe isotopes d, d ¢ etailed 


aaa 


account of seve 


why. pe ons to metallurgical 
research 5 


in Fran 

Tracing of hidden detects with mer ay we 

, Koh. Lapok, 1959, 14, June, 267 Phe 
f rads pes 8 


welds. 1 
Effects ot irradiation on stainless-steel clad 
UO.,, pellets in helium or carbon dioxide (;. | 
BMI 1959, April, pp.18; from 
Re 1959, , a Sept 11 404 


1335 


in the 


1060 


Density of iron, nickel and cobalt 
liquid state L.-1). Liv Rend 
250, Marct 1850-185 aria 

and ther iit 
other work 


High- alloy prtering for use as a thermal con- 
ductivity standard kk. \V. I 

Brit. J. Appl. Phys., 1960, 11, Ma 
A meth neasurement of 
Mack ; el > TRO ¢ 
St) ¢ itit vith 
These and Era A'l 

standards 

“Introduction to high temperature metais 
J. Merriar Vat. Design. Ena 1960, 51, 
June, 143-158) M/DE Manus 172. Pr 
ties required, uses, available rt 3 (ur 

rties, and heat and 


sare shown in curves and tables 


rupture prope 
resistance 

Determination of tensile, compressive, bear- 
ing and shear properties of sheet steels at ele- 
vated temperatures J. . Kattus, J.B. Preston, 
and H. L. Lessley (WADC Technical Report 
ISTIA D 06075; PB 
No | 7 hi eflects ere 


to 1ooo} mi 


8-365 
151582, 
kamined 


the elevat 


1O58, 
f exposure times ¢ 
d-te1 


ng, and shear 


p. tensile or ressive, bear 
proy 
iral sheet steels. Test temp. ranged from 
n temp. to 1200 ft 
” specific heat of chromium-iron — at 
room temperature K. Schroder (Phy 
1960, 117, March 15, 1500-1501 
Hot wire method for rapid Grtormination og 
thermal Conductivity W. E. Haupin 
ram Ball 1960, 39, March 
= ame a iducti vy is calculate 
temp. ft 0 butt-welded 
erted int« he specimen af 


erties Of Six aircralt struc 


etwork i eseribed 
alloy ‘ i ) acti of a 
olt therm mf ir presence of several 


olts of alterne iw current, bel rapid and 


simpie to run alr licated equip- 
ment S.H S. 

Effect of elevated temperatures on high- 
tensile steel wires for ~ -stressed concrete 
M. F av, E. A. Jenkinson, and A. I. Smith 
Proc. Inst. Civil Eng., 1960 16, May 

idy of conditions to be expects in « of 
fire was mad Data on creep and stre 
tion at room temy and metal ——— 
studies over a range of temy re inel i 

Low temperature properties of engineering 
materials i. F. Barron (Machine Design, 1960 
32, March 17, 189-195) Data for 
steels and non-ferrous alloys are shown in 
eur es 

The behaviour of carbon and nickel steels at 
low temperatures: their use in the construction 


stainless 


December 1960 
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of wane pressure containers ©. Babocci 
(Calore, 1960, 31, April, 213-220) The results 
are given of a series of tests carried out at 
various temp. on Al-killed steel quality Aq42 
produced under the supervision of the metal- 
lurgical department of a large steelworks. 
The use of steels between room temperature 
and 7OC A + lier and W. A. Stauffer 
(Schweiz. Arch., 1960, 26, March, 89-99) The 
use of steels in refrigeration is greatly impaired 
by the reduction in impact toughness with 
falling temp. If the steels are produced by 
special methods even plain or only low-alloy 
steels may be employed down to temp. of 
70°C. These problems are reviewed in detail, 
included in this review is the welding of the 
steels and the acce 


ptance testing T.G 

The properties of materials in the low- 
temperature region of liquid gases L.. Piatti 
Schwe irch., 1960, 26, March, 100-109) The 
author reviews the properties of many mate 
als including steels at the te 
such as O, and H,. He points out the difference 
in the unalloved and austenitic 
steels in this tem ange. The brittle fracture 
d and explained 
(24 refs r.G,. 
On the function of nitrogen as an alloying 
element in heat-resisting materials. V. Influence 
of melting atmosphere on heat-resisting proper- 
ty of 316 L type steels MI. Okamoto, R. Tanaka, 

and A. Sato (Tetsu to Hagane, 1959, 45, De« 
1351-1357) Compared with air- and vacuum 
melted steels, nitrogen-melted steel had better 
hardness and strength at room temp. in states 
preceded by solut quenching. It had signifi 
resistance o recryst zation-soltening 
o0oa high-temp. bending 


mp of liquid gases 
behaviour of 


phenomenon is briefly discusse 


in terms of dislocation theory 


creep and tensile 


reep-rupture properties. Thermite 
indus ed better bendir 
eleetroly 


process Cr 
y creep properties than 
tic Cr (11 ref K.E.J. 

Effect of phosphorus and nitrogen on the 
hardness of rimming low-carbon steel after 
various pretreatments A. Drevermann (Stahl 
Eisen, 1960, 80, June 9, 801-809) OH convert 
er steels refined with O,-enriched or O,+ CO 
enriched air, basic Bessemer steels, and Armco 
iron were used in this investigation on the 
effect of P and N on the 
after various heat-tre 
operations. The results show that hardness in 
the normalized state increased proportionally 
to P and N contents, the } iaving an effect on 


hardness of steels 


atments and working 


10 times at of the P. The 


discussed in terms of recovery and 


allization theory. It was also found that 


ounced tendency to 


eyrega r.Gg. 
Silicon in metallurgy W. b}. Remmers (Jng. 
Indust., 1960, a, April, 101-105) The effects 


of red without other 


iron are ais 


eel, with and 
alloying additions, and in cast 


ussed 


The Wright Air Development ~~ elevated 

yg —nacnenng test facility K. B. Baird (Proc. 

S inal., 1989, 99, , 37-49 

\ wv f deseription is given of the equipment 

inthe WAI Pilot Plant and its capabilities as 

t evated temp. structural test facility 
are discussed ar 


gis llustrate 


are : ‘ nted vag ‘ee le oe OY 
Unsolved problems ot elevated temperature 

lastrumentation R. L. Ca uw i] 

Exper 


St l i959, 17, i), 


deminant problems o r when attemptir 
measure ) transient heating ¢ 
aulable at pr 

are inad iate for this purpose at temp. in 
exceas of 350°} 

. versatile high temperature testing machine 
for creep, stress relaxation and static tension 
tests W. N. Findk and W. J. Worley (Pro« 
Sor er. Stress Anal., 1959, 17, (1), 15-22 
A machin described on which the following 
tests can be performed: creep both for small 
strains, stress relaxation, and short 
time tension New include a 


device for accurate positioning 


that the strain tran cers ay 


ana larg 
tests. 


features 
of the specimen 


within the furnace 
compensate 


, an extensometer which will 
for dimensional instability of the 
test material, grips with spherical seats at the 
ends of the specimen and means for minimiz 
ing the effects of vibration and shock. 
‘Evaluation of high temperature strain gauges 
G. F. Brosius and D. Hartley (Proc. Soc. Exper. 
Stress inal., 1959, 17, (1), 67-84) 30th 
Nichrome ‘V’ foil and weldable gauges evalu 
ated in a cantilever beam were set up in the 
laboratory. The effect of temp. up to 1100°F 
on gauge characteristics were determined. Zero 
shift ve eurve are given for temp.- 
compensated gauges measuring bending strain. 
Variation in gauge relative to sensitivity —_ 
Nik he m ‘V’ foil gauges 
» evaluated in a tield installation. Ze ro 
shift with temp. curves along with other 
orded to compare 
and field work. 


rsus temp 
is measured. 


valuabl lata wer re 
accuracy of laboratory 

Materials _— 100° F ©. A. Hansen 
(Mech. Enq., 1960, 82, April, 60-62) A brief 
review of the properties of irons and steels and 
non-ferrous metals classified as face-centred 
and body-centred lattice materials. 

Steels for low temperatures H. Lejay (Chin 
Ind., 1960, 83, June, 868 874 d for 
such steels at high and low t« mp. are reviewed 
and the composition of steels and the effects of 
the various alloying elements are discussed in 
especially for the range 50 to 
, and also the effects of heat treatments 
and welding 

The strength properties of rolled and cast 
austenitic 18:8 chromium nickel steels at + 20 
and — 180°C: Part 18 H. Schumann (7% 
1960, 15, June, 401-406) A review 

iglish and American publications on the use 
of austenitic steels for extreme low temp. (36 
ref r.G 

Metal diffusion Kk. L. Samuel (Auto 
1960, 50, (3), March, 116 


! nature on a previous article describing 


Tests usé 


general terms 
200 ¢ 


an kK, 


mainly of 


Enq., 
Comments of a 
eritical 
the ‘Dicron’ process are given, dealing 
with fundamental aspects of diffusion 
reply is given, which includes a 
references A.H.M 
Diffusion in metals P. . Sh: 
Winslow (Ind. Eng. Chem 1960, 52, April, 
343.346) A review for the vear (105 refs). 
Study by diffraction and electron microscopy 
of the diffusion of carbon in iron and aluminium 
J. J. Trillat, L. Tertian, and M. 
Rew. Mét. Mem. Se 
studving as 


mainly 
Author’s 


number of 


wman and F. R. 


sonnet-Gros 
1960, 57, Feb., 81-87) By 
a function of time and temp. the 
transtor ation mposite film, no 
evaporatir F< it a C membrane 
high vacuum in an electron microscop 
electron-diffraction camera, and heating 
diffusion of in Fe in the ab 


Looe Cc, the 
»xidation was follows maditions of fe 


SeTICE 
rma 
stability, and decomposition of Fe,C and 
ire shown. Similar 
t with Fe on 


liffusion of C in Al was also studied 


experiments were 


a polythene membrane, 


Determination of diffusion coefficients in 
solids by the residual activity method kt. H 
Condit (Metallurgy Rept. NoA9, AFOSR TN 

0; AV-210985; PB 140812; 1959, Feb., 
‘ m US Govt. Res. R 1959, 32, 
370) The eorrect procedure for relat 
runtot actiy Vatter ysunt to the 
oncentratio o BHaoactiy tracer 1s 
l omputed correct 

n graphically, and the 

eXamp ] 

Hydrogen in steel M G 

el., 1960, Apr 2 

ontent and the de 
agent in block form are deseribed, it 
olves CQO CO, and i erous 

ported 2 

Contribution to the knowledge of the beha- 
viour of hydrogen in steels W. Hofmann and 
G. Vibrans (Rev. Mét. Mem. Sx 1960, 57, 
Feb., 88-90) The solubility of H, in a killed 
steel containing 0-22°,C was dete rmined after 
charging with H, under pressure at 200-700 ¢ 
The values at 200 and 300°C fall above the 
curve (extrapolated) previously published, the 
difference being attributed to porosity. The 
presence of H, does not lower the fatigue 
strength appri eciably, but an irreversible fall 
oceurs after cold working, or during the cooling 


ofa H, rich weld 


factors are 


illustrated | 


triais are 
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‘Hydrogen and fish-eyes in steel’. (Review of 
_ by D. Ya. Pe ery and A. N. Morozov 
Yavoiskii (Stal’, 1960, (6), 505-506). 

Mn-V steel for large forgings R. Sejnoha 
(Met. Treatment, 1960, 27, Feb., 53-59) Tests 
have been carried out on a typical steel used 
for large forgings (0-23°,C, 1-10°,.Mn, 
0-20°,V) to study the effect of V content on 
mechanical properties. The work was aimed at 
finding out the causes of cracking in the segre- 
gation areas of forgings and the 
cludes that for large forging 
of forging is generally aaa 6 content should 
be reduced to a minimum or it should be 
replaced by other elements.-a.H.M 

The selection of alloy steels (7'ecn. Indust., 
1960, 38, Feb., 206-210) Compositions, charac 
teristics, and uses of alloy steels are discussed. 

Special — steels K. W. Vanderbeck 
(Chem. Eng., 1960, 67, May 30, 103-106) This 
article is the first of a series dealing with low 
temp. construction materials. Low temp. con 
tainment must keep up with process technol 
ogy particularly as the techniques go further 
down the temp. A number of alloys are 
available with excellent subzero properties but 
each has 


author con- 
8, where the degree 


scale. 


certain disadvantages. This article 
describes the benefits and shortcomings 

Research into tool steels (Mech. World, 
140, May, 189-190) A summary of some 
on carbides, grain-growth, ‘fish-scale’ 
the prediction of hardenability, red hardness, 
heat-treatment of 1°,C steel, 
after abrasive 
grain growth 

Hot work tool steels W. Sorby (Alloy Met 

’ 1960, 9, March, 2-8) A discussion of the 
propertic s and uses of a range of steels with 
special reference to their use for tools and dies 
Alloying elements are briefly reviewed and 
effects of heat-treatment on hardness, tensile 
properties, etc. are \ list of steels is 
included review of steels 
recently introduced giving their 
paatiosery for 
die-casting dies 

—_ es steels am aircraft structures I). A 
Lori tlloy Met., Rev. , 9, June, 7-8 
Based upon artis a i in Materials and Methods 

Stainless steels I). Gregory (Eng. Mat. Des 
1960, 3, July, 435) Data sh o , giving a 
table of physical and mechanical propertic 
and heat-treatments 

Heat-resisting stainless steels (ny 
Design, 1960, » § March, IS1l) Data 
heat-resisting stainless steels are giv 
name hot -edure 
prope . welding properties, « 
ing lo 


1960, 
work 


fractures, 


residual stress 


tumbling and discontinuous 


discussed 
June, 2-6) \ 

prope 
extrusion and pressure 


rties and 


uses, 


working  pro¢ 


vp dee Faget r. 
Stronger cast stainless keeps promises E. A. 
Schoefer 1960, 67, March 7, 164, 
166, 168 An account of the properties of 
CD-4MCu alloy which is double the strengtl 
of 18-8 and has excellent corrosion resistance. 

Stainless steels for aircraft and missiles A. \M. 
Hall (Battelle Techn. Rev., 1960, 9, April, 9-14) 
Properties, especially eep strengths, of mar 
tensiti 


Chem. Enqd., 


austenit 1inles ri 
Uitra- high- -tensile eeaets L. L. Arundel and 
R. Kitchingham ! Prodn 1960, 22, 
Mav, L76-186 pore the use OF COs, t 
olant and variou itting fluids in the 
el and the 
vith a view to 
H50 Vaeur 
ensile strength of 120 t/in® 
15 Kh2GN2TRA boron steel to replace 12 
KHN3A, 12Kh2N4A and 18 KANVA steels 
M. I Alekseenko and G. N. Orek 
1960, (6), 548 551) The steel sugy 
ase-hardened over 
gyro vth an | is 


rties and 


the machinability of 


& wide ter } 


jual to the 


METALLOGRAPHY 


The electron-emission microscope as a tool 
in metallurgy H. Duker (7. Metallk., 1960, 51, 
June, 314-321) An electron-emission micro- 
scope is described in which the object is bom 
barded with which cause it to 
electrons. The principle and 
microscope are described and its applications 
to meta!lurgy outlined. The resolution attained 


101s 


design 





so far is about 500 A, the temp. of the object 
may 20 and 100°C. The effect 
of the ion bombardment on the objects is dis 
and a number of micré 
reproduced. The magnific 
LOOO te 


vary between 
cussed graphs are 
ations shown range 
1400”, one mk rograph at 
L900, and one at 4200 are also included 
Contrast and sharpness of the pic 
excelle that at 4200 is a 
(19 refs r.¢ 

The physical foundations of image formation 
in the —— microscope 1). B. Bas (Schwe 
irch., 1960, 26, April, 138-156) The author 
leals with the principle of electron lenses, the 
electron gun, the 


from 


tures are 
little blurred 


design of the electron micro 
scope, the formation of contrast in the 
mission electron microscope, 
power, and, finally, the moiré technique. In the 
chapter ‘microscopy of surfaces’, the replica 
method is reflexion microscopy, 
, and the scanning electron 
microscope are described (12 ref ( 

Preparation techniques in ‘electron micro- 
scopy K. Muhlethaler (Schweiz {re 1960, 
26, April, 157-162) Replica techniques, shadow 
easting, and the use of the ultramicrotome are 
considered (13 refs) r.G 

Appiication of electron microscopy A 
Saulnier and P. Mirand (Met. Treatment, 1960, 
27, March, 91-100, 102) The authors point out 
the advantages of using thin metal films 
directly under the electron microscope, thus 
the micro-diffraction diagram corresponds 
with the — rraphical image. The authors’ 
method of producing such thin fi 
and described. Examples of the 
application of techniques are given 4.H.M 

Carbon arc image surface and microscope for 
Studies at high tomperabares H. W. Newkirl 
and B. B. Brenden (HW 1959, May, 
pp.30; from US Govt Ag 1959, 32, 
Nov.13, 649) (No abstract). 

Studies of the structure of iron and steel with 
the electron microscope A. Schrader (Schwe: 
irch., 1960, 26, April, 163-170) The use of 
extraction replicas for the 
scopical study of segre 
formed during prolo 
temp. In austeniti 


trans 
and the resolving 


mentioned, 
emission microscopy 


ils in metals 
alloys is 


eleetron-micro 
gations which have 

d straining at elevated 
pa ferritic 
eribed and a number of microg 
duced (12 refs).—-T.4. 

Etch pits in deformed tg G 
(Z. Metallk., 1960, §1, June, 357-359) Samples 
of a Swedish mild steel were nieath ally ce 
formed at room and liquid-N, temp. and the 
etch pits observed after electropolishing Ihe 
different appearance of the etch pits and etch 
bands are explained.—1 

The electrolytic etching of multiphase iron 
chromium nickel alloys in —, hydroxide 
solution W. Schaarwachter, H. ering, and 
F. K. Naumann (Arch. Eisenh., a 31, June, 
385-391) With the object of obtaining the best 
results in etching Fe-Cr-Ni alloys, with par 
ticular emphasis on the recognition of o-phase, 
experiments were made using NaOH. The best 
results were obtained by electrolytic 
with 10 N NaOH, using a potentiostat. 
of the experiments are 
discussed (13 refs 

The theories and metallurgical uses of 
thermal ormeng A Morgan (J. Bhm. Met. Soc., 

1960, 40, June, 31-41) A survey of the phen 
omena ond a discussion of the mechanism of 
groove formation, with reference to 
ferrous alloys. 

Novel, nondestructive electrolytic polishing 
and replica techniques for metal surfaces |’. A 
Jacquet (Metalloberflache, 1960, 14, June, 161 
170) The Ellopol technique for local electro 

surfaces is ce 


polishing of metal 
Replicas are taken from the specimens and 
used for microscopical studies A number of 
micrographs is reproduced (30 re —-T.t 
Oxide inclusions in iron phan a oxygen 
melts W. Koch, Bruch, and H Rohde 
irch. Eisenh., 1960, 31, May, 279-286) It 
shown that the structure of Cr-containing 
inclusions in Fe Cr with 3°.Cr is 
related to cooling conditions, heat treatment, 
and Cr content of the melt. The inclusions 
isolated electrolytically followed by 
vacuun chlorine treatment or magneti 
and the structures were 
radiographically 


steels is des 
raphs is repro 


Bassi 


etching 
Details 


given and the results 


mainly 


scribed. 


alloys 


were 


separation, examined 


and by chemical analvsis 


Full details of the results are 


allovs were used, ¢ 
Mn, and Si (11 refs 

Relationships between stee! composition and 
in aluminium-killed 
1060, Apr l 


ntaining only tr 


nonmetallic inclusions 
steels F. Kubik (Rade 2und 
86-99) Relations betwee t 
and the composition 
inclusions are analys tice 
steels. Al first strongly reduc Si0,, then 
oxides of Mn and Fe, and at same time 
combines with No 28 refs 

Influence of the pH value of the electrolyte 
solution on the amount and composition of the 
isolated oxide inclusions of fully killed basic 
Bessemer steels 1). Piper, H. Hagedorn, and 
M. Froéhlich (Arch. Eisent 1960, 31, June, 
355-358) A Bessemer steel fully killed 
with Ca-Si was electrol bromide 
solution, the pH value of which was varied 
between 6-8 and 1-0. No 
of the oxide ieakiiiad was found 

Thermo- gerry ot the crystallisation of 
metals A. Horvath (Ke Lapok., 1959, 14, 
Oct., 463 166 Phe thermodynami and 
kinetic conditions of the f 
metals are 


basic 
sed in citrate 
variat tin amount 
or composition 


erystallization of 
discussed P.K 

Recrystallisation of austenite in a structural 
steel submitted to hot plastic deformation 5 
Gorezyca (Rev. Mét. Mem. Sci., 1960, §7, Feb., 
153-158) About 30°, deformation was obtain 
d by forging a steel containing 0-36°,C 

Mn, 0-29°. Si, 1-43°,Cr, 1-46°,Ni, and 

Mo at temp. from 850-1050°C. Th 
erystallization was observed after 
quenching, and the rate of growth of the new 
austenite g und to be V Ke®@ 
where K=8- 9-108 mm/s, and Q = 61000 cal/g 
atom (15 refs). 

Investigations on the recrystallisation of a 
ferritic steel with 27° Cr with — reference 
to the duration of annealing H. 
Bungardt, and D. Pusch ico 

1960, 31, March, 177-182) The impx 
taking into account the effects of 
time in studying 


process 


rains was fo 


orchers, 


rtance 
annealing 
recrystallization is discussed, 
and the results of hardness me irements ar 
microscopl¢ al cold rolled 
27°,Cr steel given a recr anne 
described. The d are: hardness 
after a 24-h heat treatment at 200 
1200°C for up to 2 } 


examination of a 
vstallizing 
results discusse 


al are 
500°C and 
1 as a function of 
(up to 70 and 
at 600 to L200 


at 500 
legree of working 
after heat treating 
tion of degree of 
ant ealing 


grain size 
as a fun 
working and duration 

$5 refs). 

Deformation and recrystallisation in (110 
001) single crystals of iron silicon alloy Wang 
Wien-min, Chou Pang-hsin, and Chen Net 
kuan (Acta Phys. Sin., 1960 16, May, 263-27 
The identification of slip planes ( v 
2—16‘ support 
explanation of the formation 
textures 

Substructure characteristics of fine-grained 
metals and alloys disclosed by X-ray micro- 
scopy and diffraction analysis S. Weissmann 
PB 140756, 1958, Aug. 15, pp.34; from 
Gort. Res. Rez 
Quantitative infor 
special technique of re 
scopy, on lattice 
size of, 
lattice misalignment with sul 
nature of low-an 


detormation 


1959, 32, Sept 

mation 18 obtained 
flection X-ray 
misalignment of the 
and disorientation between sub-grain 
and the 


yTAaAINns, 


grains, 
gle boundaries 

The effect of arsenic on the phase trans- 
formation of carbon steel 1). 8. Kazarnovskii 
and T. M. Ravitskava (/zvest. AN, SSSR, 
OTN, Metallurg. i Topl., 1959, (6), 
Increasing the As conte 
in high-carbon steels (0 


83-91 
nt from 0-18 to 0-Se¢ 
78-0-92°.C) results u 
a considerable increase in the size of the auster 
ite grains at about 1000° and in the speedi 
up of the al decay of the austenite 
rhe hardenability when quenching from temy 
80—100° above the Ac, point is also redu | 
Regarding the hypothesis of phase trans- 
formation observed in the Kravz-Tarnavsk zone 
M. Rastegae Vetalloved. Term. Obr 
Vet., 1959 12 { }) Two opir 
taken shap to e formation of the 
ZARMO, 
hardened martensite 
formation temp. lies below th 


isotherm 


Parnavsk zone 1928, (3 


Strip is not 


onsists of non-acik 
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1 after quenching 


ndition 


irtensite 


of th 
nad t ifs incomyple I 

Special features of the phase sranstormation 
in different melts of chromium nickel steels 
Ss. M Baranov and | ikhin 
VUZ Chern. Met., 
ing process 
tions of teels 


1959, (6 


greatly 


phase transfo 
Cr-—-Ni steels « 
ontents and 


curring 


stal 

and at 700 

The change in the phase composition of type 
18-8 steels as a function of temperature and 
ome of deformation A. N. Ch 

P. Martyno,. M etalloved. 7 ” 
fg 0), 44-46) This study aims at in 
ing the etfect of low temp 
properties of some Cr Ni austeniti 
hres 


deformation on 


examined and 
results for yield point, UTS, and for othe 
mechanical and physical 
tabulated 

Lattice parameters of iron chromium alloys 
and study of the sigma yd in alloy steels 
Nat Vet Lab., Ann R 1958-0, 
Study of lattice paran vs that 
vary In @n tne xpecte 
throw light on ce 
ll tion. The 


alloy forma 
was used to prepare pure metals and pre 


such steels have been 


naracteristics are 


eters shiv 


rtau 


ary experiments we om lucted using 
ommercial purity 
Phase composition of isothermally <7 
specimens N Kra kava ind M 
onomarev: es | Z Cherr Wet., 
th phase 
hardened 
rms after q 
It is more ymplex the ne i 
maintain. In addition ementite 
thermall hardened specimen diff 
carbide phases appear viz: e and & Fex 
Transformation is faster with controlled 
cooling (Steel, 1960, 146, April 4, 156) The 
introduction of heate thermal 
Timken Roller Bearing is describe 
isothermal ) 
two days, cor are with 10 
1 the unfired pits pre islv used 
Formation of flake graphite eutectoid R 
ydloro and G ) c Ve 
erm. Obra Vet 
yund 


following 


and t 


ann {), 


matior 


dry sandr il 
The effect of silicon on n the praptmantes hed 
commercial white cast iron F. K. Tke 
Izvest. VUZ Chern Ve 1959 
A sharp increas t 
entite it 


sult 


ervstalliz 


Relation between the x-phase due to cold 
working and the parent austenite, in 18/8 
steels low in carbon I’. Kastien and K. Marger 
and (Rev. Mét. Mém, S 1959, 56, Uct., 463 

This phase (x) appeared in an 


enite, already oriented by 1L0-20° lastic 


instable 
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deformation, and is already oriented on forma- 
tion. Relationships between this phase and the 
y-phase are derived, and it is shown on removal 
of surface stresses that a surface phase a 1s 
obtained, identical with the oe-phase. 

The diagrams of the austenite transformation 
in 40KhG steel (Supplement to Metalloved. 
Term. Obra. Met.. “y , (9), 31-38) Chemical 
compos 044° 22%8i 0-8°. Mn, 
0-03) P, 0-023°_8, L- 04! Cr, 0-17°,Cu,0-04 
Mo, 0-26%,Ni, 0-01°,,V. Critical points: Ac 
745, rate of heeting 3 min, Ac, 790°, rate o 
heating 3° /min, My» , rate of heating 
3°/min. Rate of cooling (from Ac, to 500°) for 
austenization at 840°; to obtain martensite 
to obtain 50 martensite 5 /sec; to 
precipitate ferrit« 7 /see; to obtain a ferrite 
pearlite structure 1 /sec 

Structural features of the transformation of 
austenite into pearlite 1). 1. Mirovskii (/zvest. 
VUZ Chern. Met., 1959, (9), 115-118) Experi 
ments were carried out with carbon steel of 
eutectoid composition (0-8°5¢ The 
mens were heated to 1000° for | h and then 
transferred to a second furnace heated to 700°. 


thon 


37 /se« 


speci 


As soon as the specimens attained the ternp. of 


this furnace, they were removed (every 
30 sec) and rapidly dipped in water. Under the 
microscope the formation of pearlite can be 
followed. At temp. below A, the kinetic energy 
of the iron atoms falls below the critical value 
and the interatomic attraction forces increase. 
Under this influence the transformation of 
austenite begins which results in the formation 
of pearlite and cementite crystals according as 
the iron or carbon atoms predominate in the 
eutectoid state 
The effect of alloy elements and carbon on 
h tics of the decomposition of supercooled 
e B. A. Apaev (Jzvest UZ Chern. 
1959, (10), 113-129) The isothermal 
decay of supercooled austenite is related to the 
problem of the determination of the causes 
complicating the kinetics of its transformation 
in a number of alloys. One of these is the effect 
of alloy elements on the polymorphous y-a 
transformation. In the presence of different 
alloy elements the action of carbon is not the 
same. Complication of the kinetics is observed, 
with a small carbon content, in the presence of 
Mo, Mn, W, V, and with slightly larger quanti- 
ties of Si. In nickel steels (with 4°,Ni) this 
complication of the kinetics is not observed. 
The effect of a high hydrostatic pressure on 
the transformation of austenite into martensite 
in iron nickel alloy N. A. Smirnov (/zvest 
VUZ Chern. Met., 1959, (9), 119-123) A special 
apparatus was constructed for the study of 
this phase transformation. The initial trans 
formation temp. is displaced by 15° for each 
1000 kg/em*® pressure. Up to a pressure of 
3000 kg/cm* this displacement is due to 
thermodynamical factors and riot to a changed 
rate of transformation. High hydrostatic pres 
possible the supercooling of 
and this should prove of great inter 
practice of heat treatment. ( (10), 
112) An apparatus is described for apply- 
1g a high hydrostatic pressure and also a 
method of direct observation of the 


transfor 
Into austenite 

120 to 500°. In the 
transformation temp 
placed 25° for every 1000 kg/em? 

The crystallography of the austenite-mar- 
tensite transformation. The {111} shear solu- 
tions M. S. Wechsler, T. A. Read, and D. 8. 
Lieberman (Trans. Met. Soc. AIME, 1960, 
218, April, 202-207) The ¢ raphical method is 
applied to the austenite-martensite trans- 
formation rhe undistorted planes are deter- 
mined for the lattice invariant shear on the 
(111) plane The 
cussed in terms of their degeneracy and their 
applicability to the formation of (225) marten- 
site in steel. 

Study of isothermal transformation charac- 
teristics of some Indian steels (Nut. Met. Lab. 
inn. Rep., 1958-59, 8-9) This note describes 
the use of a dial gauge dilatometer. For fast 
transforming steel the metallographic method 
is used to determine the Ms temp. 

Phase transformation in iron alloys S. A. 
Eliseev and B. G. Livshits (Metalloved. Term. 
Obra. Met., 1959, (9), 42-43) Certain single- 


mation processes of martensite 
alloy 


is dis- 


at tem of tron 
investigated the 


pressure. 


austenite solutions are dis- 


phase alloys showing a uniform solid solution 
at high temp. do not maintain this uniformity 
in cooling. Examples of these are the self- 
ordering solid solutions and the solutions in 
which at low temp. the stable condition known 
as the K state is observed. Different iron alloys 
containing V, V + Mo, and V + Al were investi 
gated by quenching in water from 1150° and 
then keeping them 4 h between 350 and 650°. 
Results for individual specimens are shown 
graphically 

Aspects of Japanese studies on the method 
for austenitic grain size control A. Adachi and 
K. Mizukawa (Tetsu to Hagane, 1959, 45, 
Sept., 1087—1089).—K.E.J. 

The fine structure of the intergranular 
transition zones of technical iron Kb. S. Kasat- 
kin and G. F. Darovskii (Fiz. Met. Metalloved., 
1959, 8, (6), 881-884) The hypothesis of an 
amorphous nature of the intercrystalline zones 
has met with lively opposition. The conclu- 
sions of MeClean (Grain Boundaries in Metals, 
London, 1957) and of other investigators have 
been put to the test by investigations with the 
electron microscope on specimens of hot-rolled 
technical iron, hot forged, and tempered for 3 h 
up to 1100° and then slowly cooled in a furn- 
ace. The pictures obtained seem to confirm the 
hypothesis of Arkharov (Trudy Inst. Fizika 
Metallov., UF, AN, SSSR, 1955, (16), 7) and 
suggest the possibility of rendering more pre- 
cise the model used by the author. 

Reticular substructure of ferrite grains and 
its effect on the deformation and failure of 
technical iron B. S. Kasatkin (/zvest. AN 
Metallurg. Topl., 1959, (3), 62-69) The forma 
tion of the ferrite «-lattice (sub-granular 
boundaries) in technical iron is determined by 
the conditions of the heat treatment. A rapid 
cooling results in the elimination of the reticu- 
lar substructure. A slow cooling promotes an 
increase in the sizes of the individual «-lattice 
nuclei and the thickening of the fibres compos- 
ing such lattice. The principal cause of the 
formation of the «-lattice is the plastic defor- 
mation occurring during the y—a transforma- 
tion. 

Observations of the microstructure of bearing 
steel at elevated temperature by gas etching 
T. Arakawa, 8. Oda, and Ma Yamamoto (Tetsu 
to Hagane, 1959, 45, Sep 995-996) Etching 
by HC) gas is used to a structures arising 
from spheroidizing and austenitizing treat- 
ments. K.E.J. 

The pattern of intercrystalline distribution of 
the elements in metallic alloys A. S. Zab‘yalov 
and B. J. Bruk (Fiz. Met. Metalloved., 1959, 8, 
(3), 349-361) The experiments here described 
justify certain conclusions among which are 
that, if for for a given temperature the content 
of an element in an alloy does not exceed its 
limiting solubility in the solvent metal, this 
element will distribute itself relatively uni- 
formly over the entire volume of the ery stal. 
lf on the other hand the content of this ele- 
ment exceeds its limiting solubility, the excess 
will concentrate along the crystal boundaries, 
forming either a phase enriched by this ele- 
ment or else it will be present in a free state in 
the structure 

The effect of copper on the recrystallization 
temperature of mild steels M. Zidek (Hutn. 
Listy, 1959, 14, (11), 943-947) Heavily worked 
steel, which recrystallizes on 5 h anneals at 
520-535°C, does so only at temp. 10-15°C 
higher if Cu is present in amounts only slightly 
exceeding 0-2°%,, its solubility limit. With Cu 
contents as high as 0:5, the recrystallization 
temp. rises to 600°, The effect is ascribed to the 
precipitation of Cu from solid solution.—r.F. 

Some features of the recrystallization of 
transformer steels with rapid heating. t1. The 
——. of texture formation P. D. Izbranov, 

A. Pavlov, and N. M. Rodigin (Fiz. Met. 
pS ade 1959, 8, (3), 434-439) Some of the 
conclusions reached in this work may be sum- 
marized as follows: During recrystallization 
two types of structure are formed in greatly 
deformed transformer steel with a clear defor- 
mation structure, the appearance of recrystal- 
lization centres is observed with an orientation 
which corresponds most probably to that of the 
deformed crystals. Hence the texture of the 
first stage of recrystallization is similar to the 
deformation structure. Thereafter the re- 
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crystallization of this texture changes into the 
type usually observed in transformer steels 
under isothermal anneal. 

Investigating deformation and recrystalliza- 
tion structure of the iron nickel alloy (48°.,Ni) 
as related to the degree of deformation with cold 
rolling M. M. Borodkina and N. P. Gromov 
(Fiz. Met. Metalloved., 1959, 8, (5), 761-769) 
The degree of orientation changes with increas 
ing deformation. After annealing, the cubic 
recrystallization structure is only 
when, as a result of deformation, a texture 
with intense components (110) 112} and (110 
335] is produced, which corresponds to a 
degree of deformation of 99°,. Any further 
increase in deformation results in a weakening 
of the above orientation, and after anneal, in a 
weakening of the cubic recrystallization tex 
ture (100) [001] and in a reduction of magnetic 
properties, 

Liquidus and solidus relations in iron-rich 
iron carbon alloys RK. A. Buckley and W 
Hume tothery (JIST, 1960, 196, Dec., 403 
406) [This issue]. 

Determination of ferrite in grey-iron J. Csuka 
(Koh. Lapok-Ontéde, 1959, 10, July, 171-172 
In grey-iron piston-rings, the Hungarian stand 
ard does not permit more than 5°, ferrite. In 
order to determine quickly the ferrite content, 
compared with suitable 


observed 


micro-sections are 
patterns. P.K 

Influence of pressure from all sides on struc- 
tural transformations in steel W. Jellinghaus 
and H. Friedewold (Arch. Eisenh., 1960, 31, 
May, 309-317) It is shown by three examples 
that such pressures influence the transforma 
tion rate of unstable and supersaturated solid 
solutions, the examples being the isothermal 
decomposition of a C-rich austenite, carbide 
precipitation from manganese steel and mar 
tensite decomposition in the third tempering 
stage. 

Effect of smal! copper and arsenic contents on 
the transformation behaviour and strength 
properties of a 0-45°., carbon steel A. Rose and 
A. Krisch (Stahl Hisen, 1960, 80, July 21, 1007 
1017) Samples containing 0-01-0-6°,Cu or 
0-01-0-23°, As were used for the study of the 
transformation behaviour and strength proper- 
ties of a steel containing 0-45°.C. Up to 
0-2° Cu has the same effect on transformation 
as Mn, further increase in the Cu level has—in 
contrast to Mn—no effect. As has no effect on 
transformation. Both elements brought about 
an increase in tensile strength, the optimum 
addition being between 0-1—0-2°%, higher 
additions are no advantage. In the range of 
concentration studied no ill effect on the 
strength properties was found that could be 
attributed to the addition of either Cu or As. 

Magnetic determination of retained austenite 
in hardened steel specimen A. Szombatfalvi 
(Koh. Lapok., 1959, 14, Oct., 445-447) The 
specific magnetic saturation of a steel specimen 
is measured with the magnetic balance of H. 
Lange, first after quenching, then after cooling 
to 190°C. From the two results, the amount 
of retained austenite that has been trans- 
formed at 190°C can be calculated. P.K. 

Variation of magnetic t with Pp 
tion in the iron-vanadium sigma-phase |). 
Parsons (Nature, 1960, 185, March 19, 839 
840) A letter. 

On the imperfections in martensite and their 
relation to the formation of martensite H. M. 
Otte (Trans. Met. Soc. AIME 1960 218, 
April, 342-351) Certain choices for the shear 
elements of the inhomogeneous distortion in 
the phenomenological theory of martensite 
formation are examined for their agreement 
with crystallographic and X-ray dats of iron 
alloys. The assumption that the shear ele- 
ments must represent slip or twinning systems 
characteristic of b.c.c. metals is found to cover 
all observations, even when a small uniform 
dilation is taken into consideration. In b.c.t. 
martensite, (011) becomes a possible twinning 
or faulting plane in addition to (112), and 
qualitatively similar X-ray broadening is to be 
expected from both. 

The martensite transformation in steels A. P 
Gulyaev (Metalloved. Term. Obra. Met., 1959, 
(11), 5-13) Some recent experimental data 
confirm the truth of the stress theory of mar- 
tensite transformation (the stress theory postu- 
lates that the surmounting of the energy 








barrier is ensured by the appearance of stresses 
in the austenite lattice displacing the atoms 
from their equilibrium positions), i.e. of the 
displacement mechanism accompanying the 
martensite crystal formation. The kinetics of 
martensite transformation are described by 
the curve of martensite formation character 
ized by a quantitative relation between the 
martensite and any such factors as temp. ete. 

The behaviour of internal friction associated 
with the process of martensite-type trans- 
formation Wang Yeh-ning and Chu Chiang 
chung (Scientia Sin., 1960, 9, Feb., 197-212) 
[In English} Work on the process of the mar 
tensite and reverse martensite transformations 
in Fe—Mn alloys shows that the magnitude of 
internal friction depends on the amount of 
transformation product in one cycle of vibra 
tion, and only under suitable conditions is it 
proportional to the rate of transformation 
The mechanism of production of internal fric 
tion accompanied by 
cussed.—K.E.J. 

Change in strength and plasticity indices in 
the direct and reverse martensite transforma- 
tion \M k. Blanter and A. K. Mashkovy 
(Metalloved. Term. Obra. Met., 1959, (11), 13 
19) The investigation of the plasticity of 
austenitic N22G2-5 and of 115G4 alloys by 
means of linear tensile stresses shows a sharp 
increase in plasticity during martensite trans 
formation. A direct relation has been found 
between the rate of martensite transformation 
and the increase in plasticity. 
obtained regarding the anomalous reduction in 
the resistance of the metal to plastic deforma 
tion during the reverse martensite transforma 
tion. 

Non-uniformity of the martensite of 30KgGS8 
Steel after high-frequency hardening Ya |! 
Spektor and A. P. Gracheva (Metalloved 
Term. Obra. Met., 1959, (9), 12-17) The 
method selected for induction heating ensures 
the production of a solid solution in which the 
C non-uniformity differs little (by 
10--15°.,) from that observed in hardening in 
the furnace (900°). The method described may 
be used for heat-treating essential components 
made from this steel and the 
then follow exactly as after 
furnace. 

A technical note on the distribution of 
chromium between carbide and matrix in iron 
carbon chromium alloys J. Ballinger, I. C. H. 
Hughes, and T. Mulvey (BCIRA Res. Dev., 
1960, 8, March, 232-237) The Cr content of the 
carbide and the matrix has been determined in 
four allovs containing about 3°, and 2-5°%, to 
9-5° Cr using electron probe micro-analysis 
It was found that the Cr was distributed 
between the carbide and the matrix in such a 
way that the carbide contained three to four 
times the Cr content of the matrix. Some 
details of the technique are discussed. 

The ternary system iron silicon-tin RK. Vogel 
and H.-J. Jungelaus (Arch. Eisenhiit., 1960, 
31, April, 243-258) Taking into account the 
most recent work on equilibria in the iron-rich 
part of the Fe-Sn svstem, and by 
thermal analysis and structural investig 
the complete Fe-Si-Sn phase-dagram is con- 
structed and discussed in detail. 

The constitutional diagram of the TiFe,-V 
system Bi Tsin-Kua and I.I. Kornilov (Jzvest. 
AN, SSSR, OTN, Metallurg. i Topl., 1959, 
(6), 110-112) Bv means of thermal and micro- 
structure analysis as well as hardness measure- 
ments of alloys of this system it has been 
possible for the first time to study and con- 
struct the constitutional diagram of the 
TiFe,-\ It has been established that 
this system is quasi-binary. The 
formed at the m.p. of 1400°, Reciprocal solu- 
bility of the components occurs in this system 
and therefore there are two single phase 
domains (y, and 8) and a binary phase (y,+ 8). 
The solid solutions gradually increase in hard- 
ness with increasing V content. 

Soiubility of silicon carbide in iron-silicon 
alloys V. A. Kravehenko and 8S. Chitrik 
(Stal’, 1960, (6), 520-522) A study of solubili 
ties with higher Si contents has been made. 
Empirical equations for the system are given. 

The ternary system iron silicon beryllium 
R. Vogel and H.-J. Geske (Arch. Eisenh., 1960, 


phase change is dis 


Data have been 


very 


tempering can 
heating in the 


means ot 
ation, 


svstem. 
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31, May, 319-330) A detailed description of the 
phase diagram is given, and the existence of 
two hitherto unknown ternary phases FeSiBe 
and FeSiBe, is shown (12 refs). 


CORROSION 


The modern theories of the mechanism of the 
corrosion of metals, in particular of steel H. 
Grubitseh (Radex. Runds., 1960, June, 159 
172) The corrosion of metals is very complex 
and no straightforward, 
theory exists. Pr 
if the 
known, this requires research in each particu 
lar case. Because of the 


generally applicable 
otection can only be achieved 
cause of the corrosion is sufficiently 
far-reaching economic 
consequences of corrosion the need for more 
corrosion research in Austria is stressed r.G 
Corrosion (SAF ./., 1960, Feb., 32-34) A 
brief survey of American motor-car 
manufacturers’ methods of corrosion prever 
tion in motor-car bodies. The article illustrates 
the divergence of practices but 


some 


anticipates 
freer exchange of information \.H.M. 

The corrosion of iron and steel J. ©. Hudson 
(Railway Steel Topics, 1960, §, (3 23-32) 
Modern knowledge of the corrosion of | iron and 
steel and its prevention as affecting railways is 
presented in the light of the Sixth Report of 
the BISRA Corrosion ( Subjects 
discussed include 
rect painting technic jue the use of metal coat 
ings beneath paint, the corrosion of buried 
a and of harbour installations which can 
often be checked by cathodic protection, and 
the corrosion of steel reinforcements in con 
crete which can be 
and good practice 

Studies on the corrosion of stainless steels in 
high temperature and high pressure water. (1) 
Early stage of corrosion 1. Yanagihara, G 
Shimoka, 8S. Ideka, and K. Tomita (T'rans. 
Nat. Res. Inst. Met., 2959, 1, (2), 126-132) Six 
commercial types of stainless steels were 
examined in high-purity water at 200°C at 
15 kg/em? and at 300° at 90 kg/cm? for 10 
120 h. The products in the 
corrosion are identified. 

A model of the mechanism of electrochemic- 
al conversion from active to passive states 
W. A. Mueller (J. Electrochem. Soc., 1960, 107, 
57-164) A model of the mechanism of passiva 
tion of metals by oxide films is explained by 
equations which describe the density of the 
anodic dissolution current as a function of the 
pH and the potential difference between the 
metal and the electrolyte. A simple method 
derives all the constants required for the 
mathematical formulation of the anodic disso- 
lution current from experimental data.—s.H.-s. 

Caustic cracking in mild steel for boilers. 
Part Wf (Calore, 1959, 30, Feb., 61-71) A 
detailed examination is made of the phenom 
enon and conclusions are drawn as to the con- 
ditions which cause crack formation. 

Corrosion and pasheging J Baudin (Usine 

ouv., 1960, May, Spec ial N 232, 237, 239 
241, 243-245, 247-249) Gene a principles of 
corrosion are discussed and the use of in 
hibitors, cleaning methods, and choice of 
method of protection in packing are considered 
with special reference to metals 

The corrosion and protection of iron and 
steel H. C. Bryson (Austral. Eng., 1959, 52, 
Dec., 99, 101, 103, 105, 123, from Vickers 
News) A general review of corrosion 
rates and paint protection. 

Corrosion in the oil industry H. M. 
(Corr. Prev., 1959, 6, Oct., 46-48) Oil well 
problems involving corrosion in gathering 
systems, long distance pipelines, storage tanks, 
jetties and submarine lines, tanker problems, 
refinery protection, and distribution arrange- 
ments are briefly reviewed.—-s. H.-S. 

Marine corrosion and marine oem 1 Tt. A. 
Banfield (Chem. Ind., 1960, May 21, 524) The 
report of a lecture. 

Stress corrosion and grain boundary type 
F. Erdmann—Jesnitzer and G. Hitzsch ( Werke. 
Korros., 1960, 11, April, 212-216) The exam- 
ples are non-ferrous. 

Corrosion problems encountered in the burn- 
ing of sulphur-bearing fuels in oil-fired burners 
and methods of alleviation: 2 H. N. Wigan 
(Corros, Prev., 1959, 6, Oct., 60-64) Chemical 
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control methods, including the 
and inhibition of SQO,, 


neutralizing 
and for small and 

medium-size oil-fired boilers, the use of fuel 
additives are described 8.H.-8 

Some aspects of the corrosion of decorative 
coatings F. A. Lowenheim and W. H. Rowan 
(Proc. Amer. Electropl. Soc., 1959, 46, 205-210; 
discussion 379) The beneficial effects of Cr 
coatings thicker than 0-00001 in., of the use of 
12 Sn bronze mstead of Cu as an undercoat 
and the superior corrosion resistance of Sn Ni 
alloy deposits are described A. D.H 

On the relation between the work function 
and the corrosion rate of the metals 8. Shimo 
daira (Nippon Kinzoku, 1959, 23, April, 243 
246) The relationship between the 
ionie work function and orro 
derived from the theor of absolute 
potential. With activation-controlle« 
sion, the corrosion rate of mmon 
roughly inversely proportional to ¢ york 
function (16 refs K.E 

Corrosion inhibition and the swe charge 
potential of metals 1). M. Irasher (Nature, 
1960, 185, March 19, 838-839 § tter. The 
value for mild steel is obtained ar wed to 
interpret inhibition mechanism in utions in 
equilibrium with air The discussion has 
special reference to benzoate 

Crystal growths and the corrosion of iron 
and ‘I “ Nature, 
June 18, 959-960) ¢ rvatal habit of 


lered, as shown by 


E . Gulbransen 
1960, 186, 


oxide 


Copan 


whiskers is consi 
electron micrographs 

Mechanism of stress corrosion of austenitic 
Stainless steels in high-temperature chloride 
waters RK. W. Staehle, R. H. Beck and M. G. 
Fontana (?B 138562, 1958, April, pp.33; from 
US Govt. Res. Rep., 1959, 32, Sept. 11, 368) 
A study of stress-corrosion cracking of this 
material under various conditions of stress, 
chloride concentration, immersion, wetting, 
and presence of Og. A mechanism of stress- 
13 refs). 

Corrosion of metals in tropical environments. 
Part 4: wrought iron ©. R. Southwell, B. W. 
— geson, and A. L. Alexander (NRL Rept 
5370; PB 151852, 1959, Oct., pp.15) Exposures 
in fre sh and sea water, mean tide, inland, and 
marine atmospheres for eight years are re 
ported. The wei less than that for 
steel and, when coupled to wrought iron the 
corrosion of steel was halved in underwater 
tests. In a phere the corrosion 
was 1-6 times that of inland atmosphere, in 
both the steel was less heavily corroded than 
the wrought iron 

Fireside corrosion in oil-fired boilers L. K 
Rendle, R. D. Wilsdon, and G. Whittingham 
Corr. Prev. Control, 1960, T, 7 


June, 37-48) 
Tests on a small furnace were carried out using 
various type 


corrosion cracking is propose ai ( 


ght loss was 


marine atm 


s of oil fuel and examinilig flue yas 
and combustion product con position SOs) at 
high and low temp. Methe f control were 
then considered with special attention to NH, 
injection 
Rg een problems in the Lacq sour gas field 
3 ove J. Inst. Petr., 1960, 46, July, 
Initial design and behaviour of 
installations and subsequent 


improvements 


are described 

Corrosion and staining of stainless steel 
knives E. A. Oldfield and D 
Control, 1960, 7, June, 34-36, 58 
contact with Al or Zn in tap water 
studied with 
gents 

Contribution to the study of the corrosion of 
a low-carbon unalloyed steel by crude Lacq gas 
J. A. Ternisien, A. Servasier, and 8S. Barbezat 
npt. Rend., 1960, 250, Feb. 15, 1267-1269 


The corrosion products formed by the action 


staining in 
and pitting 
corrosion were addition of pro- 
prietary deter 


of the high-S crude Lacq natural gas are des- 
cribed and their composition discussed 

Lead contamination new corrosion villain 

. L. Leithauser (SAE J., 1960, March, 37) An 
account 1s given of various tests with rimming 
steels which show that Pb 
surfaces reduces 
venting the formation of a good phosphate 
coating. A.H.M. 

Steel tubes and the gas industry (Gas World, 
1960, 151, May 14, 758-759) A general account 
of gas pipe laying over long distances. 

Recommendations for the laying of steel gas 


deposited on steel 
orrosion resistance by pre 
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service pipes (Jnst. Gas. 
1959, Dee. »p 24). 

Effects af soil corrosion on cast-iron pipe 
H. L. Hamilton (J. Am. Water Works Assoc., 
1960, 52, May, 638-650) Surveys of buried 
pipes in many parts of the US with an assess- 
ment of soil corrosivity are given. Stray elec- 
tric currents, aggressiveness of the environ 
ment, and previous history of structures in the 
area need to be considered. 

Corrosion of stainless alloys in high-tempera- 
ture nitrogenous environments |). L. Keller 
(BM1-1361, 1959, July, pp.49; from US Govt. 
Res. Rep.,1959, 32, Nov. 13, 649) No abstract. 

Experiments on erosion of steel by propellant 

ases using vent technique kt. N. Jones and 
2. R. Weiner (PB 134285, 1957, Mareh, pp.41; 
from US Gort. Res. Re Ps 1959, 31, Jan. 16, 41) 
A brief discussion of development of this tech- 
nic with the more significant results. 

deate formed during heating M. Reinhold 
(Koh. Lapok., 1959, 14, Aug., 381-383) The 
adhesion of scale affects significantly the 
quality of the surface of the rolled steel 
products. This property depends on the 
chemical composition and physical structure 
of scale. These are, on the other hand, results 
of the combustion process in the heating furn- 
ace and can be controlled accordingly. P.K. 

Oxidation of experimental alloys J. ©. Rich- 
mond and H. R. Thornton (WADC TR 58- 
164; AD-155688; PB 151264, 1958, June, 
pp-54; from US Govt. Res. Rep., 1959, 31, 
Jan. 16, 43) A study of the oxidation resistance 
of ten high-temp. alloys, all of which conform- 
ed reasonably well to the parabolic rate law in 
weight-gain oxidation tests.— 8.H.-Ss. 

Marker movements in the oxidation of iron 
and some other metals KR. F. Tylecote and 
T. E. Mitchell (J7ST, 1960, 196, Dec., 445-453) 
[This issue}. 

An X-ray <a oxidation study 
on iron-copper H. J. Goldschmidt (JJS/, 1960, 
196, Dec., 390 303)1 This issue] 

Autoclave testing 7 type-430 stainless steel 
J. W. McGrew (MN D-E 1602; A D-209930; 
PB 142695, 1959, Jan., pp.26; from US Govt. 
Res. Rep., 1959, 32, Nov. 13, 620) Stressed speci- 
mens of AISI type-430 stainless steel were 
subjected to corrosive environments in rocker- 
type autoclaves at 400°F and 200 psi for 
periods generally of 120 h duration. The most 
important environmental controls included 
concentration of oxygen, chloride, and phos- 
phate. The pH was c ‘ontrolled between 8-5 and 

1-5.—S. H.-S. 

Comparative data on the corrosion resistance 
of selected types of 18-8 chromium-nickel 
Stainless steels K. L. Sanborn (HW 32727, 
1954, Aug., pp a, from US Govt. Rea. 

1959, 32, Sept. , 405) (No abstract). 

Corrosion investigations ona a alloy 
with 60°.,Ni, 20°.,Fe and 20°,, Booss 
(Arch. Eisenh., 1960, 21, March, 19s a ) Cold 
rolled sheets of the alloy were found to be 
resistant to corrosion by concentrated acids, 
but were attacked by more dilute acids. 
Strong attack was also found in cyclic tests in 
air with various moisture SO, and CO, con- 
tents, and in salt-water spray and immersion 
tests. 

Pitting on investment-cast corrosion resistant 
steels L.. W. Duffen and O. C. Jarman (Brit. 
Found., 1960, 53, Feb., 79-81) The pitting of 
east Cr and Cr—Ni steels was investigated and 
found to be a liquid iron oxide-silica reaction 
product and occurs after solidification of the 
castings. Cooling in an oxygen-free atmosphere 
prevents pitting.—A.D.H. 

Stress corrosion cracking of austenitic stain- 
less steels \WV. Brooks (Corrosion, 1959, 15, 
Sept., 103-110) The generally accepted causes 
of stress corrosion cracking in stainless steels 
are reviewed, and the design of heat exchang- 
ers intended for use with chloride-containing 
waters is considered. The theoretical considera- 
tions involved are outlined.—«G.F. 

Clogging and corrosion of the blades of gas- 
turbine plants in iron and steel works H. 
Pfenninger (Stahi Eisen, 1960, 80, June 9, 
796-801) In spite of the perfection of the 
modern gas turbine, in the long run clogging 
and corrosion of the compressor and turbine 
blades are a serious problem. The causes are 
enormous quantities of gas and air that has to 
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be handled by the turbine. 
sion are explained.—-T.G. 

Colloquium on metallurgy and discussions of 
corrosion for nuclear energy P. Orlowski 
Anticorr., 1959, 7 Dec., 440-441) A 
brief exposition of subjects discussed at the 
Centre of Nuclear Studies at Saclay, with a 
reference to a on the subject of corro- 
sion.—S.H. 

Semeden | processes " carbonated beverage 
cans . Koe ag J. J. Daly jun., H. 
Francis, and H.’ 1959, 
15, Sept., 477t ae A description is given of 
work undertaken to minimize the occurrence 
of perforations and excessive iron pick-up in 
carbonated beverage cans. The mechanism of 
this type of corrosion is discussed.—G.F. 

Bacterial activity at the bottom of back- 
filled pipe line ditches J. ©. Harris (Corrosion, 
1960, 16 March, 149t—154t) The author com- 
pares bacterial activity at the bottom of back- 
filled pipe line ditches with that found in 
normal undisturbed soil, and discusses factors 
affecting bacterial development. The role 
played by bacteria in the deterioration of pipe 
line coatings is described.—a.F. 

The oxidizability of steels and cast irons at 
high temperatures E. M. Blank (Metalloved. 
Term. Obra. Met., 1959, (12), 53-54) Si reduces 
to a large extent the oxidizability of steel at 
high temp. and so the addition of Si is in many 
cases more effective than the same amount of 
Cr. The oxidizability, the growth, and the 
failure of normal cast iron at high temp. is 
related to the lamellar form of the graphite, 
which damages the compactness of the metallic 
matrix. The graphite oxidizes and burns away 
and the resulting cavities promote the failure 
of the material by the hot gases. 

Observations on the Fe-Cr-O system A. U. 
Seybolt (J. Electrochem. Soc., 1960, 107, 
March, 147-156) An isothermal section for 
equilibrium conditions at 1300°C in the Fe- 
Cr-C system which, with a minor modification, 
holds for 1 000°C, shows that two types of equi- 
librium scale are formed on Fe-Cr alloys: spinel 
or iron chromite below 13% Cr, and Cr,O, 
containing a little dissolved Fe,O, at higher 
Cr contents. Experimental methods and 
results are discussed in detail. Pt wire marker 
experiments show that the Cr,0, on 20 or 
30°,Cr-Fe alloys forms almost entirely by 
eation (Crt) diffusion.—s. H.-s. 

Over-temperature in metal scaling 1). Caplan 
(J. Electrochem. Soc., 1960, 107, April, 359-360) 
This note briefly describes an investigation of 
certain alloy steels aiming at determining 
overtemp. directly with a thermo-couple 
welded to the surface of the specimen. Graphic- 
ally reproduced temp./time curves show that 
large over-temp. occur when the iron is 
oxidized. Details of six runs are summarized. 
Overheating will be less if conditions are such 
as to decrease the reaction rate, increase the 
heat capacity of the specimen, or remove heat 
more efficiently from it. 

Electron diffraction studies on the high- 
temperature oxidation of iron aiuminium 
alloys IT. Nakayama (Waseda Univ., Rep. 
Casting Res. Lab., 1958, (9), Nov., 71-80) [In 
English} Data are given for the structure of 
surface films formed on various alloys at 
various temp. The heat-resistance of calorized 
steel is caused by the formation of y-Al,O, 
films on the surface in the initial stage of 
oxidation below 1 000°C. Two reactions leading 
to the formation of Al,O, are examined. 

Mechanism of the iron-hydrogen sulphide 
reaction at elevated temperatures H. Arm, 
P. Delahay, C. Hudgins, F. Hiigli, L. Hulett, 
and M. Qureshi (J. Electrochem. Soc., 1960, 107, 
April, 264-271) The mechanism of the Fe-H,S 
reaction was studied at 500-—700° for a total gas 
pressure of | atm. The rate of attack was 
essentially constant and the corrosion scale 
was composed of two layers, a thin dense layer, 
adjacent to the metal and a porous layer with a 
coarse crystalline structure. These are inter- 
preted from two main effects, partial blocking 
of reaction at a constant number of reaction 
sites; and continuous recrystallization of the 
dense scale into a porous scale offering no 
barrier to transport of reactants. This mechan- 
ism is self-regulating. 

Corrosion resistance of vitreous enamel 


Clogging and corro- 
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N. 8S. C. Millar (Vitr. Bull., 1960, 10, 
345-350) Resistance to acid, alkali, 
gent is discussed. 

The behaviour of 18-8 stainless steel in 20° 
Bé HNO, containing chloride A. Prati (Chim. e 
Indust., 1960, 42, Feb., 145-150) The results 
are described of laboratory tests carried out to 
determine the lowest chloride content com- 
patible with the corrosion resistance of the 
material in an HNO, absorption vessel with 
acid of the concentration 20° Bé. 
chloride content tolerable 
9-2 g/l. 

Laboratory experiments on the corrosion- 
reducing influence of the cooling of high-grade 
steels in hot, concentrated sulphuric acid H. 
Holdschick and L. K. Bittner (Werks. Korr., 
1960, 11, April, 216-219) Experiments carried 
out on tubular bends of 18-8-2 Cr-Ni-Mo 
steel are described, in which the influences of 
wall thickness, acid attack, and temp. differ 
ence between coolant and agent were investi- 
gated. A very marked improvement in resist- 
ance to corrosive attack in the case of the 
cooled material was observed. 

Studies on corrosion (Nat. Met. Lab. Ann. 
Rep., 1958-59, 10) Brief descriptions are given 
of studies on atmospheric corrosion of various 
metals and alloys, 


April, 
and ¢ leter- 


The minimum 
was found to be 


corrosion of cast iron by 
fused caustic soda, corrosion of a pump im- 
peller, erosion of an induced draught fan at a 
power station and brown spot defects on Al 
discs. 

The influence of movement and temperature 
on the corrosion of mild steel. 1. Water circula- 
tion apparatus and tests ~ a sa mains 
water G. Butler and H. Ison (J. Appl. 
Chem., 1960, 10, Feb., 80 93) + apparatus for 
investigating corrosion in flowing water at 
speeds up to 400 ft per min and at temp. up to 
70° is described. Each system accomodates 36 
tube specimens, each 6 in. long, and provides 
for three speeds of flow. Preliminary 
ditioning tests with a hard mains 
demonstrate the applicability of the 
technique. The corrosivity of this water is 
largely governed by its scale forming proper- 
ties and on increase in both speed of flow and 
temp. promotes the deposition ofa protective 
scale. The decrease of alkalinity due to scale 
deposition often results in a higher corrosion 
rate on specimens introduced into the system 
during test.—s.H.-s. 

The accelerated weathering of 
finishes A. A. B. Harvey (Prec. 
Soc., 1959, 96-103; discussion 365-366) 
Methods used to evaluate paint coatings by 
exposure to light; moisture and elevated temp. 
under laboratory conditions are critically re 
viewed. As natural exposure conditions vary 
so widely, the results of accelerated tests must 
be interpreted with caution and no prediction 
of service life can be made with reliability. 

German standardisation practice with accel- 
erated corrosion tests B. M. Pearson 
(Corros. Prev., 1960, 7, Feb., 49-51, 54) The 
results of accelerated corrosion tests of various 
types, earried out at many laboratories in co- 
operation, on steel and zine 
sented and discussed. 

Corrosion testing of electrodeposited coatings 
F. L. LaQue (Proc. Amer. Electropl. Soc., 1959, 
141-148; discussion 369) A review is given of 
corrosion tests in natural environments, 
accelerated tests, and of specialized tests used 
to investigate coating behaviour. The signifi- 
cance of the tests is discussed (37 refs). 

Outdoor corrosion resuits with chromium- 
nickel-chromium plate H. _— and M. Wein- 
berg (Proc. Amer. Electropl. Soc., 1959, 128 
132, discussion 367-368) T _ re anuite ol outdoor 
and laboratory corrosion tests confirm that 
improve d protection is given to steel and zinc- 
base die castings by plating with layers of 
Cr-Ni-Cr or Cu-Cr-Ni-Cr compared with Ni 
Cr and Cu-Ni-Cr deposits. Details of plating 
procedures are given. The improvement is due 
to the action of the lower layer of Cr in divert- 
ing pits laterally into the Ni instead of allowing 
downward penetration into the basis metal. 

Aggressiveness of water: tests of aggressive- 
ness against metallic, stone, and organic 
materials (1) E. Leclere (Corros. {nticorr., 
1960, 8, Jan., 3-14) A general study on corro- 
sion, on the composition of waters, and of 


con- 
water 
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organic 
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sheets, are pre- 





direct and indirect causes of reaction of water 
against ferrous metals, 
materials..—s. H.-S 

Corrosion tests 


cements, and plastic 
by thermal waters § 
Chiostri Anticorros., 1960, 8, Jan., 
15-36) Tests are reported by Montecatini of 
thermal waters upon different types of materi- 
als for conveyor pipes, metallic and plastic. 
Materials tested comprised (A) cement, 
asbestos cement, earthenware, ceramic, sand- 
stone, and glass; (B) iron and its alloys with 
rustless steel; (¢ other metals and their alloys 
lead, tin, copper, and its alloys, zinc, alummin- 
ium, magnesium, and light alloys; (D) plastic 
materials, synthetic resins, and diverse 
materials; (FE) varnishes, vitrifications, and 
protective treatments. Twelve detailed tables 
of results are given.—s.H.-S. 

Experiences with the a. chloride —-_ 
fied acetic acid salt spray © Nixon, J. 
Thomas, and D. W. Harde AN (Pro¢ j leo 
Electropl. Soc 1959, 159—163; discussion 371 
373) Experience has proved that the ASTM 
modified salt spray test can be used to predict 
the corrosion resistance of Ni—Cr plated steel 
at least within the first year of life in service. 
Modifications in plating practice that have 
followed the use of this disciminating test are 
described A.D.H. 

Sulphur dioxide accelerated corrosion test 
testing diti and equip J. Edwards 
(Proc. Amer. Electropl. "Boe. 1959, 154-158; 
discussion 370-371) Better reproducibility is 
obtained in the SO, corrosion nat of the temp. 
is maintained at 2542°C. The construction 
and operation of a corrosion test cabinet is 
described in detail.—-a.p.H. 

Experience with the use of the Corrodkote 
test I. M. Bigge (Proc. Amer. Electropl. Soc., 
1959, 149-153; diseussion 369-370) The 
development of a paste containing 
copper nitrate, ferric chloride, and ammonium 
chloride is described. The corrosion produced 
on plated car parts by this material in 24 h 
gave a highly significant correlation with one 
year’s exposure tests in the Detroit 
phere.A.D.H. 

Corrosion of metals in tropical environments. 
Part 3. Underwater corrosion of ten structural 
steels B. W. Forgeson, C. R. Southwell, and 
A. L. Alexander (Corrosion, 1960, 16, March, 
105t—114t) The authors evaluate the corrosion 
of ten structural steels exposed to tropical sea 
and fresh waters for eight vears, and correlate 
the results with those of similar tests on the 
east and west coasts of the USA.-—cG.F. 

Electrode potential testing J. H. Bender jun., 
J. W. Duth, and P. D. Edwards (Nondestr 
Test.. 1960, 18, March-April, 99-102) Develop 
ment and applications of a non-destructive 
test for ionic surface inclusions in metals and 
for pores through an electroplate or cladding 
are described. The principle involves the elec 
trode potential difference existing between dis 
similar materials when immersed in a 
suitable electrolyte.— s.H.-s. 

Electrical resistance measuring device plus 
Statistical analysis yield unique approach > 
corrosion problems (;. f). Moller and J 
Patrick 1960, 16, March, sass 
161t) The authors describe the application of 
statistical techniques to the analysis of data 
obtained from electrical resistance 
devices. In the particular instance discussed, 
whe technique has permitted the 
variables affecting corrosion rate to be deter 
mined, and the calculation of an equation to 
predict corrosion rates.—G.F. 

Corrosion and weldability studies on chrom- 
ium manganese austenitic stainless steels |) 
Warren (Corrosion, 1960, 16, March, 119t-—130t 
The author describes corrosion resistance and 
weldability studies carried out on Cr-Mn-—Ni 
and Cr-Mn-N austenitic steels in 
order to determine their usefulness for chem- 
ical plant applications. The 
pared any? those obtained on high-Ni stainless 
steels.— a 

Relationship of microstructure and stress 
corrosion cracking + type 410 stainless hepony 
P. 8S. Trozzo and R '. McCartney (Corre my, 
1960, 16, March, 26 ae) Three heats of tvpe 
410 stainless steel exhibiting different degrees 
of susceptibility to stre 
were investigated by electron mic roscopy and 
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diffraction techniques in order to relate micro- 
structure to stress corrosion beha 
which 
continuous network un 


fracture 
viour. It is shown that heat treatment 
breaks up the 
tempered martensite in the 
grain boundaries reduce 
epetibility, but at the expense 
in tensile properties. —G.F. 

Environment factors —— to graphite 
corrosion R. I. Higgins (BCI RA .J. Res. Der 
1960, 8, March, 217-220) Graphitic 
occurs where the corrosion products « 
matrix can escape from the 
form. If the final corrosion product is rust then 
it must be precipitated out of contact with the 
east iron surface. The chemical and electro- 
chemical factors which favour graphitic corro 
sion are described on this basis. It is also noted 
that a high corrosion rate is not a prerequisite 
for graphitic corrosion although the two effects 
may be interrelated in particular cases 

The corrosion behaviour of welded low — 
steel D. C. Briggs, J. U. MacEwan, and 
Yates (Corrosion, 1960, 16, April, 205t 
The authors have investigated the enhanced 
corrosion resistance of 1° Cr steel 4130 adja 
cent to welds 


austenite 
rrosion Sus 


prior 
s stress co 


of a reduction 


eorrosion 
of the tron 
easting in a soluble 


an 


As the cooling rate from austen 
itic temp Increases, 
increases due to greater retention of Cr in the 
ferrite. At very low cooling rates, secondary 
effects associated with size and possibly shape 
of carbide particles act in opposition to the Cr 
effect. The enhanced resistance adjacent to 
welds is attributed to these factors.—G.F. 

A laboratory evaluation of zinc des in sea 
water J. A. H. Carson, W. L. M. Phillips, and 
J. R. Wellington (Corrosion, 1960, 16, April, 
171t-177t) The authors present data on the 
anodic polarization of various zine alloys in 
natural sea water. The combined effects of 
additions of 0-0003-0-0320° Fe and 0—-22°,Al 
were investigated at five controlled anode 
current densities ranging from 0-5 to 20 ma/in® 
for times up to 100 days. The interrelated 
effects of Fe, Al, current density, and time are 
presented by means of graphs and charts. 

The inception of cavitation on isolated 
surface fnveguansnne J. W. Holl (Trans. 
ASME J. Basic Eng., 1960, 82, 169-184) Two 
families of cylindrical roughness elements 
having constant studied 
one having a circular-arc and the other a 
triangular cross-section. The theoretical mini 
mum-pressure coefficient for the circular are 
irregularities is determined as a function of the 
relatiy 
of the boundary layer 
tation tests in the 
vania University 
tory are 
| 


rrosion resistance 





cross-sections are 


e height of roughness for several values 
shape parameter. 
tunnel of 
Ordnance Research 
described, and the results applied and 
usions recorded S.H.-S 

Indentation of metals by cavitation W. H 
Wheeler (Trans. ASME J. Basic Engq., 1960, 
82, 184-194) A review, supported by photo 
micrographs in monochrome and colour and 
followed by a discussi rhe special features 
of the microscope technique employe to get 
the photographs are explained.—s.H.-s. 

The influence of the silicon in cast iron on 
corrosive wear KR. Graham, ©. S. Prado, M. H 
Collins, E. A. Brandes, and H. K. Farmery 
(Chartered Mech. Eng., 1960, 7, March, 121 
122) A summary of a paper for written dis 
Diesel engir 
cast irons were te 


Cavi 


water Pennsy! 


com 


cussion. 6 piston rings from special 
sted in service S.H.-s 

Effect of adsorption of polar organic com 
pounds on the reactivity of steel H. F. Finley 
and N. Hackerman (J. Electrochem. Soc., 1960, 
107, April, 259-263) Rate studi made 
for the oxygen-free reaction between steel 
powder and N H,SO, both inhibited and un 
inhibited. In partic ular it was shown that the 
retardation of the reaction by polar 
compounds was influenced more markedly by 
molecular structure than by molecular weight 
or area 

Application of cathodic protection for the 
prevention of atmospheric corrosion |). K. 
Wilburn (4D PB 142325, 1958, Jan., 
pp.32; from US Gor Res. Re} 1959, 32, 
Nov. 13, 620) ¢ ) laboratory tests in a 
high-humidity chamber to determine the 
effects of cathodic on selected test 
panels. Current density measurements associ 
ated with weight loss cak 


Ss were 


organic 
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protection 


ulations provi 


led a 
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quantitative measure of corrosion attack. A 
odihed cathod rotection method, employ 
y a self-conducting paint, was investigated 

a medium of current transfer relative to 
corrosion inhibition. 8.H.-S 

Cathodic protection of stainless-steel waste 
lines. Interim Report No.1. Underground pipe- 
lines and structure corrosion study programme 
R. T. Jaske s3504, 1954, Nov., pp.26 
from US Govt. Res. Rep., 1959, 31, Jan. 16, 62 
(No abstract S.H.-8. 

Experiments on the prevention of pitting 
attack on cast iron propellers by —_ pro- 
tection -3 RK. I. Higgins and H r 
(Corr. Eng., 1960, June, i—vi; suy plement t« 
Prev. Control, 1960, 7, June) An« mate 
of the life and current output 
anodes and of the of high-duty 
is made as appendices to a previous section 

Increasing the corrosion resistance through 
flame priming H. Ehrenberg (Schweissen 

Schneiden, 1960, 12, May, 239-241) A novel 
process is described for the protection of steel 
surfaces. A metal salt solution is applied to the 
cleaned steel surfaces where it reacts with the 
forming insolubl 
By subsequent flame scarfing the 


ollins 


Corr 


value 


surface inds 
thin film of 
metal compounds is burnt into the 
the steel part. The 
thin, an 


metal compo 


surface ot 
resulting contin very 
orphous protective layer shows a high 
corrosion resistance —_ 8 well suited as primer 
for paint coatin 

Corrosion protection in steel construction 
H. Hebberling (Werks. Korros., 1960, 11, 
March, 145-147) Measures to be taken in the 
protection of light steel structural members, 
ee preparation of the 
reviewed 

Anodic and cathodic polarization phenomena 
in the inhibition of the acid corrosion of iron 
W. Machu and H. I. Moreos (Werks. Korre 
1960, 11. March, 156-162) It is shown that the 
inhibitors are absorbed in the first place on the 
local anodes, and later by the cathodes. 
rhe consequences of this mechanism in rela 
tion to the value of inhibitors are discussed 

The struggle against marine corrosion of 
steel by cathodic protection and by painting Mi 
Fonteyn (Bull. Centre Belge d'Etude et de 
Doe umentation des Eaux, 1958, (40), 101-102 
A general discussion of principles 

Cathodic protection of an active navy tugboat 
with zinc anodes 42 months’ service H. S 
Preiser and B. H. Tytell (Corros. Techn., 1960 
7, June, 181-182; condensed from Am. Soe 
Nav. Eng. J., 1959, April) Experience with an 
American Navy tug showed the suitability of 
Zn anodes « 0-0014° Fe for the 
cathodic protection of active and possibly in- 
active ships at seawater berths 

Zinc anode cathodic protection system on 
U.S. submarine ‘Wahoo’ kt. ©. Francis (Corros 
Techn., 1960, 7, June, 183-184; from Bure 
Ships J., 1959, April 
27-month service test in this submarine, show 
ing that the system described gave gx 
tection against electrolytic corrosion 

Case histories show value of corrosion in- 
hibitor squeeze treatment K.-H. Poetker (J 
Petr. Techn., 1960, 12, June, 36-40) Results of 
the process of pumpir 


uous 


surface, are 


local 


ntaining 


Details are given of a 


od pro 


ww inhibitor into the oil 
bearing formation are reviewed 

Prevention of sulphide-stress cracking in 
sour-condensate well equipment W. J. MeGuire 
and L. W. Vollmer (T'rans. ASME JJ. Enq. for 
Ind., 1960, 82B, 93-102) A review 


onditions and re 


of ope rating 
ommendations for minimiz 
ing cracking tendencies by choice of materials 
and design an 4 suitable heat-treatment for 
carbon and alloy steels are presented 

Effect of moisture on carboxylic acid adsorp- 
tion to steel M. E. Schraer and J. L. Kal 
(Nature 1960, 186, May 28, 710 
Moisture is shown to enhar r 
so to prevent rusting t 
dry films of alkylsuecinic acids 

The use of corrosion inhibitors in the 
petroleum industry |. Cavallaro ( 
inticorros., 1959, 7, Dec., 417-433 


use of 


industry ) " protectior 
refinir 


ig, Storage, and transportation equipment 
ident. The author underlines 
of pH and the 
gents. The problem is particu 
larly comy ‘ ‘ e presence of the 
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system of salt-water-petroleum. Factors to be 
considered include the dampness of surfaces 
to be protected, solubility, stability (dilution, 
heat) of the inhibitory substances. Those of a 
passive nature are classed as (A) direct and 
(B) indirect. Active neutralizing substances 
are also indicated; also those in vapour phase. 
Film forming inhibitors are reviewed, 
taining (1) nitrogen, (2) oxygen, (3) sulphur, 
(4) N and O, (5) 8S and ©, and (6) S and N. 
Examples of appropriate uses are listed, with 
variations 8.H.-S. 

Corrosion inhibitor evaluation at elevated 
temperatures V. W. Maxwell (Corrosion, 1960, 
16, April, 201t-203t) The author presents an 
evaluation of commercially available 
eorrosion inhibitors at elevated temp., and 
compares the results with those obtained at 
room temp. The apparatus, materials used, 
and test method are described.— G.F. 

Corrosion inhibitors for carbon tetrachloride 
water vapour atmospheres K. W. Calkins and 
R. W. Hawley 1959, 15, Sept., 
447t-449t) The authors have investigated the 
use of various inhibitors for preventing corro 
sion of mild steel in CCl,-water vapour syst 
and have attempted to determine the 
probable corrosion mechanism. Of the 48 
inhibitors tested, = appeared to 
be most effective G 

Screening tests a ‘inhibitors to prevent 
chloride stress corrosion J. H. Phillips and 
W.J. Singley (Corrosion, 1959, 15, Sept., 450t 
454t) The authors have carried out screening 
tests in tilting autoclaves to evaluate possible 
inhibitors for preventing chloride 
corrosion attack of stainless steelin alkaline 
phosphate boiler water 
500 ppm of chloride. Nitrate appeared satis- 
factory for boiler applications, and Na,SO, 
ey prevented chloride corrosion crack 
ing.—-G 
Action of the X0," inhibitors G. H. Cartledge 
(Corrosion, 1959, 15, Sept., 469t-472t) The 
author summarizes experimental studies on 
the effect of ions and molecules of the type 
XO,"~ upon corrosion of iron and steel, and 
shows the competitive and reversible nature of 
the surface associated with inhibition. 
The ways in which the presence of an adsorbed 
inhibitor may affect the kinetics of electrode 
processes at a metal-solution interface are 
discussed.—«a.F. 

Oil-soluble inhibitors for controlling corro- 
sion in tankers and pipe lines W. S. Quimby 
(Corrosion, 1960, 16, March, 9-18) The author 
discusses the causes of corrosion in the trans- 
portation and refining fields of the petroleum 
industry, where oil-soluble inhibitors can be 
used. The requirements of a good inhibitor are 
listed, and several particular applications are 
described.—a. F. 

The use of heterocyclic tertiary amines for 
the control of corrosion caused by fiue gases 
em. B. Davies and B. Alexander (J. Jnst. 
Fuel, 1960, 33, April, 163-173) The avail 
ability and origin of heterocyclic tertiary 
amines are indicated. Their development for 
the control of ‘cold end’ acid corrosion inhibi 
tion is traced with details of laboratory experi- 
ments followed by pilot plant tests leading to 
full seale installations on various types of 
boiler plant. The coagulating effect of these 
amines on stack solids is also noted together 
with a description of experiments carried out 
to assess this phenomenon. Corrosion inhibi 
tion amounting to at least 80 is claimed for 
air heaters and economizers. 

Current densities to protect steel piling in 
fresh water tidal estuaries |). 3. Bird and H. G. 
Burbidge 1960, 16, April, 14, 16, 18, 
20) The authors discuss the unique water con- 
ditions in the tidal estuary at Port Alfred, 
Quebec, and their effect on cathodic protection 
of steel piling. The factors discussed include 
salinity gradient at different depths, oxygen 
saturation, and seasonal water freshening. 

Centralized chemical feed to multiple cooling 
towers W. Harrison and P. G. Bird 
1960, 16, April, 9, 10, 12, 20) The authors 
describe a centralized system for feeding 
corrosion inhibitor and acid for pH control to 
several cooling towers. The problems en- 
countered and their solutions are given.—G.F. 

Cathodic protection anodes for offshore 
structures W. A. Johnson and J. T. Condry 


con- 


organic 


(Corrosion, 


ems, 


stress- 


containing 50 or 


state 


(Corrosion, 


(Corrosion, 


(Corrosion, 1959, 15, Sent., 112) A brief des- 
cription is given of nev. methods of installing 
anodes in cathodic protection systems for off- 
shore drilling structures. The 
graphite above the manufacturer's 
recommended current density is outlined. 

Use of magnesium for cathodic protection of 
pipe lines in high resistivity soil A. W. Peabody 
(Corrosion, 1959, 15, Sept., 497t-502t) A 
cathodic protection installation is described in 
which satisfactory protective potentials were 
attained on about 400 miles of enamel-coated 
pipeline with a total current of 2-3 amps. from 
9 mg weds. The use of long slender 
— s to obtain the necessary current output 


anodes 


anode 


discussed G.F. 

” Principles and criteria for cathodic protection 
of steel in sea water M. H. Peterson (Corrosion 
1959, 15, Sept., 483t-487t) The author reviews 
the development of cathodie protection from 
the original work of Davy to the formation of 
an adequate theory of cathodic protection. 
Experimental techniques for determining eri- 
teria for described, and the 
advantages and limitations of each are dis 
cussed (84 refs).—-G.F. 

Corrosion prevention by the deoxygenation 
of water by the desorption method 
Akol’zin (Corrosion, 1960, 16, April, 178t—180t 
prevented by the 
deoxygenation of the boiler water by a desorp- 
tion process. This process is deseribed and the 
factors affecting the degree of deoxygenation 
are discussed.—-G.F. 

Internal cathodic protection. 4. The long thin 
circular tube with internal insulating coating 
C. Plumpton and C. Wilson (Corr. Prev., 1959, 
6, Oct., 49-52) The mathematical theory, with 
a statement of the problem, a solution for a 
single anode, and a solution for an infinite set 
of anodes, followed by an approximate solution 
and conclusions are given. —S. H.-S 

Preventing fretting corrosion H. P. Jost 
(Engineering, 1960, 189, April 29, 574) A 
letter. The use of MoS, is considered. 

Placing raw materials and | metal) equipment 
in plastic casings with a view to their storage 
R. Mever (Corros. Anticorros., 1960, 8, Feb., 
70-74) A method is described for providing 
cocoon protection, fine threads of plastic being 
ejected from a compressed-air gun and criss 
crossed so as to form a protective fabric 
applicable to irregular surfaces, sometimes 
over a light framework. Various examples are 
given. S.H 8s. 
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The application of an electrographic method 
in analytical chemistry W. Wawrzyezek 
(Chemica Analit., 1959, 4, (5-6), 831-902) The 
main innovation of the apparatus described is a 
weighted swinging anode. The effects of pres 
sure and time on the generation of iron is des 
cribed. The following are described, the detec 
tion of: cobalt with iron, nickel with iron, tin 
with iron, tin with nickel, nickel with cobalt, 
iron with nickel and cobalt, cobalt with tin, 
and the analysis of pyrrhotine and galenite. 

Photometric analyses in the industrial 
laboratory W. Degenhard (Mét. Corros-Ind., 

1959, a, Nov., 451-453) The analytical work 
of three Elko II photometers, used for the 
pecllioes 9 of numerous varieties of steel and of 
non-ferrous alloys in the chemical laboratory 
of Fiirstlich-Hohenzollernsche Huttenverwalt- 
ung, is discussed in an interview between the 
author and the laboratory’s director, Dr Béltz. 

Study and use of a thermobalance acting 
under pressure P. Bastien and M. Colombie 
(Mét. Corros-Ind., 1959, 34, Nov., 447-450 
The construction and operation of a gravity 
thermobalance are described. —S.H.-S 

Vacuum fusion provides quick analysis of 
metals V. S. McMullen (/ron Steel Eng., 1960, 
37, March, 137) General principles are re- 
viewed briefly. 

Process for simultaneously sampling metals 
for spectrographic and chemical analysis W. k. 
Kennedy and R. N. Smith (Appl. Spectrosc., 
1960, 14, (2), 53-54 mould for the very 
rapid chilling of cast iron in particular, giving 
a consistent metallographic structure, is 
described. 
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operation of 


Development of apparatus and methods for 
chemical and electrochemical spot testing, high 
manganese steels N.Y. Naval Shipyard (PB 
139493, 1958, June, pp.7; from US Govt. Res. 
Rep., 1959, 32, Sept. 11, 368) (No abstract). 

Determination of hydrogen and its practical 
application to melting practice A. Schober! and 
H. Zitter (Rader Rund., 1960, (1), 39-51) A 
suitable sampling method for the determina- 
tion of H, content during melting is described; 
a divided Cu mould was used, and the method 
is simple and reproducibl 
trol of H, content in the electric are 
furnace is described, and measures to reduce 
H, content in the steel are discussed (14 refs). 

Estimation of hydrogen in pickled steel by 
vacuum extraction at 700 © K. Sachs and 
M. Odgers (JIST, 1960, 196, Dec., 406-414) 
[This issue] 

A micro gas chromatograph N. Sasaki, K. 
Tominaga, and M. Aoyagi (Nature, 1960, 186, 
April 23, 309-310) A ietter. A microdetector 
with a sensitivity of 10°! mole/« 
developed. 

The determination of hydrogen in steel by the 
carrier gas method K. Abres h W. Dobner, 
and H. Lemm (Arch. Eisenh., 1960, 31, June, 
351-354) A new apparatus is des ribed by 
which a high throughput of samples is possible, 
and which is simple to service. Diffusible H, is 
evolved at 1 200°C, and total H, determined in 
asample melted in the high-frequency furnace. 

Low pressure method for carbon analysis in 
steels: a note V. Ramakrishna (Anal. Chim. 
icta, 1960, 22, June, 592 594) In applying a 
low pressure method for the determination of 
less than 0-1°.C in steels some 
experienced. When the 
for freezing out CO, was immersed in liquid 
air, O, from the gas stream condensed in it. 
Owing to this and the lowering of pressure it 
was difficult to maintain a steady outflow of 
gas from the trap and prevent a back suction 
of atmospheric air. The liquified O, in the trap 
tended to rise with the gas stream resulting in 
quick evaporation involving the risk of damage 
to the apparatus. This article describes a 
method of avoiding these difficulties. 

Rapid determination of iron and manganese 
I. Sajo (Koh. Lapok, 1959, 14, Nov., 525 
A volumetric Ain of rapid determination 
of Fe and Mn in silicates, 
refractories, 
eribed P.K. 
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applications of the 
XXIV. Direct volumetric microdetermination of 
iron with EGTA using sulphosalicylic acid as 


end-point indicator F. Bermejo Martinez and 
M. Paz Castro | +" Real. Soc. Espan. Fis. 
Quim., 1960, 56(B), Jan., 25-26) A new method 
for the direct titration of ferric iron on a micro- 
scale The error, in 20 determina- 
tions, was found to average less than 0-1° 

Contribution to the wh ee of small 
amounts of boron in steel A. J. Leeb and F. 
Hecht (Radex Rund., 1960, a 62-66) The 
method described is suitable for the determina- 
tion of small amounts of B in plain C and alloy 
steels, and depends on the separation of B as 
methyl borate and photometric measurement 
of the boric acid-dianthrimide complex 

The accurate determination of cobalt A. ‘ 
Foster and W. J. Williams (Anal. Chim. Acta, 
1960, 22, June, 538-546) A number of primary 
standards for use on Co analysis have been 
compared under controlled conditions using 
the phosphate method of analysis. [Co(N H, ),}- 
Cl,, [Co(NHg,),CIICl,, and K,[Co(CN),] are 
recommended in preference to others which 
have hitherto been used. 

Analytical applications of the chelones. XXV. 
Volumetric microdetermination of manganese 
with EFTA using eriochrome T black as end 
point indicator F. Bermejo Martinez and M. 
Paz Castro (Anal. Real. Soc, Espan. Fis 
Quim., 1960, 56(B), Jan., 27-30) A new method 
for the direct titration of Mn on a microscale 
is proposed. A high degree of accuracy is 
shown from 31 determinations.—pP.s. 

a determination of manganese 
H. A. Catherino and L. Meites (Anal. Chim. 
yt 1960, 23, July, 57-65) In presence of Fe 
and other elements Mn can be determined 
rapidly, specifically, and accurately. 

The complexometric determination of molyb- 


is p roposed. 





denum J. b 
May, 379 
In the 
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Use of deuterium as a tracer element for 
hydrogen in steel (:. K. Fitterer, J. G. Bassett, 
and R. C. MeCoy (AIM ME Proc. OH Comm., 
1959, 42, 61-70) The authors submit data from 
regular production heats of acid OH steel 
which show that the H, content is normally 
low during the refining period. They also show 
that, by ©, lancing with the fuel turned off, 
the H, content can be reduced to very low 
levels of about | ppm. During tapping and 
teeming the content increases, and the 
suggest the use of deuterium to trace the source 
of this pick-up Laboratory 
indicating the feasibility of this method are 
described. G.F. 

Determination of gases in metals (Nat. Vet 
Lab. Ann. Rep., 1958-59, 13) A wide range of 
alloy steels was accurately analysed for H, 
down to 0-000005°. A dese ription of the 
vacuum fusion apparatus used and its oper 
tion 18 given 

Rapid extraction of iron (itl) with 2- 
thenoyltrifiuoroacetone: direct colorimetric 
determination in the organic phase S. M. 
Khopkar and A. K. De (Anal. Chim. Acta, 
1960, 22, March, 223-228). 

Determination of iron and iron aluminium 
mixtures by titration with EDTA 1). G. Davis 
and W. R. Ja inal. Chem., 1960, 32, 
Feb., 215-217) Sulphosalicylic acid is used as 
indicator 

Determination of micro-quantities of boron 
in steel by a solvent extraction method L. 
Pasztor, J. D. Be ms , and O. Fernando (Anal. 
Chem., 1960, 32, Feb., 277-281) Ethylene di 
chloride is used te a complex with methylene 
blue is extracted and measured spectrophoto- 
metrically. 

Complexometric estimation of micro amounts 
of cobalt using ee acetic 
acid K. N.S. Sarma (Anal. Chem., 1960, 32, 
May, 717-719). 

Determination of cobalt as selenite V. 1D. 
Anand and G. 8S. Deshmukh (J. Sci. Ind. Res., 
1960, 19B, March, 103-105) The CoSeOQ,, 
2H,0 can be directly weighed 

Determination of niobium in the presence of 
tantalum after extraction with methyl isobuty! 
ketone P. Senise and L. Sant’ Agostino (Anal. 
Chim. Acta, 1960, 22, March, 296-297) Direct 
spectrophotometric determination with phenyl- 
fluorone is described. 

Determination of trace amounts of v m 
by means of a colour reaction with benzo- 
hydroxamic acid H. Waledziak, K. Gorezyn 
ska and D. Ciecierska-Stoklosa 
1959, 4, (5-6), 883-890) The method 
on the reaction which \ 
benzohydroxamiec acid. The choice of phy sical 
conditions for the 
effect of quantity of reagent on absorption is 
given as well as the effect of the presence of 
Ag, Pb, Pt, Mn, Ni, Zr, Al, Ti, and Fe 
The method serves for the determination of \ 
in the range 20 to 100 mg/25 ml. 

Determination of aluminium in precipitation- 
hardening stainless ae and — temperature 
alloys L. A. Machlan, J. L. Hague, and E. J 
Meros (NBS. Res., 1960, 64A, Mare h-April, 
181-184) Oxine is used in presence of citrate 
and evanide, the precipitate is fused under 
oxalate, and reprecipitated with 8 
hydroxyquinoline and weighed 

The determination of tin in pig iron and steel 
C. Mahr and K. Waffenschmidt (Arch. Eisen 
hiit., 1960, 31, April, 221-225) There is no 
generally suitable method; the procedure must 
be adapted to the composition of the material. 
Five cases are considered and recommenda- 
tions made (13 refs) 

The determination of trace elements in cast 
iron RK. C. Rooney (BCIRA J. Res. Dev., 1960, 
8, March, 193-199) The presence of very small 
amounts of various elements has been shown 
to have marked effects on the structure and 
physical properties of cast iron. To enable 
these effects to be studied, improved methods 
of analysis have been developed. The more 
successful techniques are described and their 
application to various elements outlined. 
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of ions other than alkali or 
metals 


presence 


earth modifications will be 


authors 


experiments 


obsen ( 


az 





Chem tnal 
depends 


eolour gives with 


analysis are described. The 


ions. 


dissolved, 


Contribution to the spectrochemical micro- 
analysis of oxide inclusions isolated from steel 
K. Liudemann, H.-W. Fenzke, and F. 
Gruner (Neue Hiitte, 1960, §, April, 238-244) 
Details are given of the conditions of spark 
excitation, selection of line pairs, calibration, 
and evaluation of results. The method is suit 
able for the 
23 refs). 

Some elements of the technique of spectro- 
graphy by X-ray fluorescence ki. Diament, M. 
Mari¢e, H. Bizouard, and G. Pomey (Mét. 
Corros.-Ind., 1959, 34, Deec., 475-484) A 
review comprising the method of measurement 
used with corrections for dead time; some fae 
tors in the analysis of steels; size of samples, 
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‘Replacement absorption coefficients’. Meth- 
od in spectrophotometric analysis of binary 
mixtures. |. Application for determining traces 
of metals by means of colour reactions |) 
Ciecierska-Stoklosa. K. Gorezyvinska, J. Swiet 
oslawska, and H. Waledziak (Chemia Analit., 
1959, 4, 5-6). 803-807) The method deseribed 
is to be 


metals 


sample 5. 


trol ot vowder-pastilles’, 
P I 


X -fluorescence 


used for determining traces of two 
and is based on colour reactions. The 
principle is that instead of the 
ficients, ‘replacement 
which represent differences of absorption co 
efficients. The ge 

where normal methods cannot be So far 
the method has 
traces of V and F« 

‘Replacement of absorption coefficient’. Meth- 
od in spectrophotometric analysis of binary 
mixtures. 11. Determination of trace amounts of 
vanadium and iron by the colour reaction with 
benzohydroxamic acid K. Gorezyinska, H. 
Waledziak, and D. Ciecierska-Stoklosa (Chemia 
Analit., 1959, 4, (5-6), 803-818) In this article 
the authors give a detailed description of the 
method as applied to the determination of 
traces of V and Fe. The equations used are 
given as well as the determination of standard 
solutions and finally the actual 
of V and Fe. Preliminary separation was not 
used. The method is inaccurate —the 
being 15° 

Spectrophotometric determination of cobalt 
and nickel with oxamidoxime (. A. Pearse jun. 
and R. T. Pilaur tnal. Chem., 1960, 32, Feb., 
213-215). 

Spectrographic determination of tantalum 
and niobium in 18/8 type stainiess steels M. 
Neuilly (Rev. Mét. Mém. Sci., 1959, 56, Oct 
484-480 \ Feussner spark source and a 
mediurn-dispersion instrument are used. Line 
pairs were used and obtained are 
reported. Ta and Nb are first separated cher 
ically 

Spectrophotometric determination of van- 
adium as tungstovanadic acid . W. Wallac 
and M. G. Mellon (Anal. Chem., 1960, 32, b 
204-207 

The use of radioisotopes in the research of 
metallurgical processes in steel works (:. Ii 
Propst! (Stahl Eisen, 1960, 80 June 23, 863 
877) A lecture delivered to the Verein Deutsch 
er Eisenhuttenleute dealings 
tield of application of radiois 
WOrkKS. This re i 


view 18 well illustrated 
sup yplemen ted by 119 references and follows 


absorption co 
coefficients’ are used 
method is suggested for cases 
used 


been used for determining 


determination 


error 


results 


by a discussion r.< 

Determination of small contents of oxygen in 
gases by a continuous optical method J. 
Milewski (Chemia Analit 1960, &, (1), 223 
137) A method was worked out which is based 
on the of the light absorbed by 
the mist formed when oxygen, from the anal- 
ysed reacts with — 9 horus. rhe 


measurement 


gas sample 
apparatus measures oxygen in the 0 to | 
range. Gases containing more than 0-15°,0, 
have to be diluted ae an inert gas. A descriy 
tion of the apparatus and the electrical circuit 
as well as a calibration method are given 

Evaluation of laboratory methods for anal- 
ysis of heavy metals in yA R. C. Kroner 
D. G. Ballinger, and H. D. Kramer (J. Amer. 
Water Works Assoc., Re 52, Jan., 117-124) 
Cr, Cu, Fe, Pb, Mn, and Zn can be determined 
satisfactorily by current methods. Methods for 
Al and Cd require improvement. 
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The determination of caicium in the presence 
of iron and aluminium in industrial analysis 
K. Kapitanczyk and Z. Kurzawa 
inalit., 1960, §, (1), 61-64) The method des 
cribed is based on the fact that with iron and 
Al present there is precipitation of Ca oxalate 
even at pH values of 2-8 to 3-0. At a pH corres 
ponding to the beginning of Fe (OH , precipi 
tation all the Ca(QOC), is pre 
oxalate is then filtered off and determined 
anometrically. The method is rapid and 
So far it has been used to determine 


Chemia 


ipitated. The 


mange 
accurate 
Ca in sands, clays, lin tone, ar lolomite 

Rapid determination of vanadium |. Sa}: 
Koh. Lapok 195%, 1, Aug., 383-384) A col 
metric method rapid determinati 
ores, silicates, rocks, slags, and m 
gree gama is presented. Its acer 
is +0-005° K 

Studies on analytical methods for trace 
elements in metals using radioactive isotopes. 
itl. Determination of tantalum by the isotope 
dilution method. IV. Estimations of aluminium 
in steel using Ca R type cation exchange 
resin H. Amano (Nippon Kinzoku, 1959, 23, 
April, 222-225; 225-228) ILL. Accurate results 
for la in steel in the presence of Nb are ob 
tained by using Ta. A Ta tannin 1 pt 
rated and the activity of Ta,O, determined. If 
Pa/Nb< 1/100, repptn € 12 ref 
L\ » sample soln. containing Al*? at 
pH 3-0-4-0 is treated with a Ca-K type resin 
labelled with “Ca. The activity of eluted Ca is 
proportional to the Al present. Fe**, Mg, and 
NH, do not interfere seriously. The results 
agree with photometric determinations 

Rapid determination of calcium and mag- 
nesium |. (Koh. Lapok, 1959, 14, Aug., 
384-385) A volumetric method of rapid deter 
mination of Ca and Mg in silicates, ores, rocks, 


EDTA is 


Is Sepa 


is necessary 


Sajo 


slags, refractories, and metals using 
deste P.K 
Rapid separation and gravimetric determina- 
tion of aluminium in ferrous metals L. A. 
Keyser and ( LD. Houston (WADC Techn 
Note 58-361; A D-216495; PB 161003, 1959, 
May, pp.12; from US Gort. Res. Rep., 1959, 32, 
Nov. 13, 571) A rapid method of separating 
iron and Al has been developed with the Al 
being determined gravimetrically, and it is 
applicable to determining Al in ferrous metals 
in the absence of Ni. The separation is by the 
NaQH method and the Al is pres ipitated with 
8 IVarTOXVG unoline S.H.-8 
Determination of the sulphate content of 
chromium plating solutions by a combustion 
method Rk. St J. Emery (Electropl. Met. Fin., 
1969, 13, July, 253-257, 261) Reduction by 
Fe-Sn and EtOH followed by 
SO, 18 used 
Two years’ application of spectrographic 
a in an iron- and steelworks laboratory 
— and A. Daniels (Rev. Mét., 1960, 
$7, March, 239. 246) A report « 
th, and results obtained from the use 
ording spectrographs fitted 
i installed at S.A. des 
at Marchienne-au 
din the 


mmbustion to 


om progress made 


ftwo 


analysis of basic 


el, and electric steels are 


eported 
The influence of the mode of combination of 
an element on its determination by emission 


spectrographic analysis P. Dickens and A. Bahr 

irch. Eisenh., 1960, 31, March, 135-143) The 
non-ferrous ¢ mple used the investigation 
was Al, in the two forms of Al Cu alloy and 
A1,0,. Excitation behaviour was examined 
21 refs 

Spectrophotometric determination of phos- 
phorus in iron and steel by extraction of phos- 
phovanadomolybdate with methyl isobutyl 
ketone H. Kitagawa and N. Shibata (N 
Kinzoku, 1959, 23, April, 215-219) The 
mum conditions for the determination are des- 
eribed; these result in the elimination of inter- 
fering elements (13 refs K.E.J. 

Mutual influences in solution spectrography 
of the elements Fe, Ni, Cr and Ti taken in pairs 
G. Baudin and G Sdnon Compt. Rend., 1960, 
250, Feb. 22, 1463-1465) The ‘third element 
effect’ with particular reference 
to the possibility of the spectrographic analysis 
of stainless steels by a solution method. 

Determination of major constituents in alloy 
Steels by spectrographic solution methods ©. A. 


ppon 


opti- 


is discussed, 
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Waggoner (Appl. Spectrosc., 1959, 13, (2 

33) Fe, Cr, Ni, Mn, and Mo are determined 
using Co as internal standard. The method is 
intended for identification or for specification 
analysis, and is especially useful where sample 
dimensions vary. 

Mutual influences in solution spectrography 
of the elements Fe, Ni, Cr and Ti taken three at 
a time — Baudin and M. Vo-Dinh (Compt 
Rend., 1960, 250, March 7, 1818-1820) The 
effects are shown to be additive. 

Spectrographic determination of nickel with 
mercaptoacetic acid P. ©. Christopher and 
H. W. Hamme (Appl. Spectrosc., 1959, 13, (1), 
7-10) After separation with dimethylglyoxine, 
thioglycollie acid is used to develop the colour 
in the presence of Na citrate. 

Spectrophotometric studies on the nature of 
iron complexes with pyridine and quinoline- 
carboxylic acids A. K. Majumdar and 8. P. Bag 
(Anal. Chim. Acta, 1960, 22, June, 549-553) 
The compositions of the ferrous iron complexes 
with «-picolinie, quinaldinic, and quinolinic 
acids have been reinvestigated. In presence of 
KCN, iron combines with these reagents in a 
ratio of 1:1; at pH 5-9, in absence of cyanide 
the metal-to-reagent ratio is 1:2. The insta- 
bility constants of the complexes are given. 

Fluorescence analysis using X-rays and its 
development in metallurgy in the United States 
M. G. Pomey (Publ. GAMS, 1959, July-Sept., 
43-81) Characteristics of X-ray fluorescence, 
apparatus, methods, preparation of powders, 
measurement of intensity and uses, including 
the analysis of special steels, are outlined (after 
a visit to the US). 

Rapid automatic analysis by X-ray fluores- 
cence of mineral powders and solutions used in 
hydrometallurgy by I’Union Miniére du Haut- 
Katanga A. Hans (Chem. Anal., 1960, 42, June, 
282-286) Condition for Cu and Co determina- 
tion are given. 

The determination of arsenic in coal and 
coke S. R. Crook and 8. Wald (Fuel, 1960, 39, 
July, 313-322) A colorimetric method follow- 
me dry oxidation is described. 

A rapid method of determining calcium and 
magnesium contents in slags of blast and steel- 
making furnaces using EDTA 8. Kitahara, 5. 
Hara, and K. Watanabe (Rep. Sct. Res. Inst., 
1956, 32, July, 119-124). 

The rapid determination of silica in retrac- 
tories and minerals ©. B. Belcher and L. B. 
Skelton (Anal. Chim. Acta, 1960, 22, June, 
567-570) This article describes a method for the 
rapid analysis of silica in minerals and refrac- 
tory materials. After extracting the substance 
by sintering with powdered Na,O, at 500° in 
Pt crucibles the silica is determined colori- 
metrically. 


INDUSTRIAL APPLICATIONS 
AND USES 


A commentary on the new British Standard 
449 (1959): The use of structural steel in 
building (Struct. Enq., 1960, 38, June, 200-205 
rhe discussion of the paper by J. Mason, with 
a reply by the author. 

A note on 18: 800-1956. Indian standard 
code of practice for use on structural steel in 
general building construction 1. V. Joseph and 
D. A. Simha (J. Inst. Eng. (India), 1959, 39, 
Jan., Part II, 449-465) The provisions of the 
specification are set out and discussed in some 
detail 

Discussions on a note on 1S: 800 1956. 
Indian standard code of practice for use of 
structural steel in general building construction 
T. V. Joseph, D. A. Simha, and K. 5. Ranga- 
sami (J. Inst. Eng. (India), 1959, 39, Aug., 
1206-1208) A written contribution with reply. 
The source of the limits prescribed is asked for 
and indicated, 

Heavy duty irons in process equipment I. ‘ 
Benz (Eng. Min. J., 1960, 161, March, 93-94) 
Che properties of Meehanite, and its applica 
tion to iron castings for crushers, rod and ball 
mills, ete 

Comparison of shielding properties of iron 
and stainless steel in the ?—¥ lid tank (expt. 
38) G. T. Chapman and J. D. Flynn (CF-53 
6 <5 1957, April, pp 29; uae US Govt. Res. 
Rep., 1959, 31, (1), 62) (No abstract).— S.H.-Ss. 

Steels for the manufacture of automobile 


, are described. 
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parts W. de Lima e Silva (Eng. Min. e Met., 
1959, 30, Nov., 257-264) [In Portuguese] 
Standard specifications for automobile steels 
are proposed. The steels recommended, their 
heat-treatment and properties and their 
applications are listed and discussed.—P.s. 

Properties of uranium dioxide stainless steel 
dispersion fuel plates S. J. Paprocki (BMI 
1335, 1959, April, pp.25; from US Govt. Res. 
Rep., 1959, 32, Sept. 11, 404) (No abstract). 

Prestressed steel girder K. K. Banerjee (J. 
Inst. Eng. (India), 1959, 40, Dec., 286-314) 
Calculations associated with a suggestion for 
prestressing the girder as a whole are presented. 
The process should economize steel and 
strengthen existing structures. Tests on an 
open web girder prestressed with high-tensile 
wires are included. 

Design of piping systems for high pressure 
and high temperature S. K. G. Hazra (J. Inst. 
Eng. (India), 1960, 40, Feb., Part 2, 219-230 
Boiler Systems are ¢ ‘onsidered. 

High-tensile alloy steel rails D. S. Kazarnov- 
skii, M. A. Gershgorn, . A. Sorokin, A. D. 
Kutsenko, M. T. Bul’skii, F. F. Sviridenko, 
and I. P. Kravtsova (Stal’, 1960, (5), 458-465) 
Rails made from experimental melts were 
examined to arrive at an alloy steel with suit- 
able properties. Rails with 0-63-0-75°,C and 
0-5-1-0° Cr can be used without annealing. 
Satisfactory production of rails with 0-32 
0-42°,C and 1-7-2-49% Cr has not yet been 
achieved. 

Thin walled stainless tubes carry gas to cool 
generators Allis-Chalmers Mgf. Co. (Steel, 1960, 
146, March 28, 86-87) The incorporation of 
rectangular-section stainless-steel tubes in the 
stator coils of steam turbine generators is 
explained. Thermal and electrical properties 
are suitable. The coils carry hydrogen for 
cooling.—D.L.c.P. 

Ferrous metals in the automobile industry J. 
Pomey (Met. Ital., 1960, 52, March, 49-61) 
New developments in ferrous metals used in 
the automobile industry are due not to new 
alloys but to progress in smelting, forming, and 
heat-treating cast iron and steels, which help to 
lower alloy consumption and costs. Many 
examples are given of the methods of heat and 
chemical diffusion treatments, hardening, and 
prestressing, which improve performance, and 
stress resistance. 

Steels for the machine industry . Orosco 
(Geol. e Met.. 1959, 20, 93-109) A review of the 
steel industry in Brazil, covering factors of 
expansion, machine tool production, the 
Brazilian steel market, conditions of market 
supply, and an approximation between con- 
sumption and production, with statistical 
tables 8.H.-S. 

On the production of steel for ag bearings 
J. Duda (Hutn. Listy, 1960, 15, (1), 25) The 
principal metallurgical problem is the attain- 
ment of a steel with low non-metallic impuri- 
ties in the form of inclusions. A statistical 
analysis of the nature and quantity of impuri 
ties in works melts, with samples taken over 
two years, showed that the decarburization 
rate and the burning off of C influence the 
amount of inclusions significantly. The length 
of the reduction period, and the time of the 
FeCr addition were not found to have any 
effect. Various other significant factors are 
listed. The vation should facilitate the 
production of better steel in basic are-furnaces. 

Bars of only an inch in diameter will be able 
to be used instead of huge iron beams (Hny. 
Vin. e Met., 1959, 30, Sept., 155-156) [In 
Portuguese] Greatly improved strength is fore- 
cast as the result of basic research on disloca 
tions and metal whiskers.—-P.s. 

Nickel —_ for low temperature applications 
(Machinery, 1960, 96, Jan. 27, 183) Low-car- 
bon wrought and cast steel containing 9°%,Ni 
outstandingly good mechanical 
properties at low temp. and is widely used for 
equipment for handling liquid gases, particu- 
larly oxvgen. The most common form used is 
ASTMA 353. Correct methods of heat treat 
ment and welding are described, and the other 
advantages of this type of 
marized, 

Metals for the atomic industry the metal- 
lurgy of atomic metals (\/ét. Constr. Mécan., 
1959, 91, Oct., 707, 708, 711, 713, 714, 715) A 


obser 


possesses 


steel are sum- 


December 1960 


report on papers given at the metallurgy sym- 
posium organized at Saclay by the Institut 
National des Sciences et Techniques Nucléaires 
and dealing particularly with research on 
crystalline structure 


HISTORICAL 


Metallographic examination of some Etrus- 
can steel sword blades ©. Panseri, C. 
and M. Leoni (Documenti e contributi per la 
Storia della Metallurgia, preprint, pp.33) This 
study gives valuable and accurate information 
on the technique of manufacture. A detailed 
description with photographs illustrates the 
historical origin of these relics. 

Ancient metallurgical furnaces in Great 
Britain to the end of the Roman occupation 
T. K. Penniman, I. M. Allen, and A. Wootton 
(Sibrium, 1958-1959, 4, 97-127, reprint) [In 
English} Brief accounts of all identified furn 
aces in Great Britain, not including other 
evidences of smelting operations. 

A bloomery hearth experiment and the forg- 
ing of ne puddied balls J. W. Gilles (Stahl 
Eisen, 1960, 80, July 7, 943-949) A puddling 
furnace was constructed and used for two runs 
which were quite successful, it 
rather difficult to forge the 
sponge. The trials are 
(17 refs).—T.a 

The History of Rasselstein ©. Peters (Stahl 
Eisen, 1960, 80, July 7, 971-972 ) The history of 
the Bandstahlwerk Andernach as it is known 
today is briefly presented, beginning 
origin in a flour-mill erected by the 
Weid in 1647, 

“a Lioyds in the early English iron “—e 

. W. Flinn (Business History, 1959, 11, Dee. 
1 31, reprint) The period covered is 1699 
1727, with ironworks in Birmingham and 
Dolobran near We Ishpool, with family history 
before and after these dates. 

Sir Ambrose Crowley and the South Sea 
Scheme of 1711 M. W. Flinn (Journal of 
Economic History, 1960, March, 51-66, reprint) 
Sale of iron to the navy from the ironworks at 
Gateshead was the occasion of the transactions 
here described. 

Cecil Henry Desch 1874-1958 (Sir) A. 
McCance Biogr uphical Vemoirs of Fellows of 
the Royal Society, 1960, 5, Feb., 49-68, reprint) 

Stainless-steel jubilee: Further extensions to 
Firth-Vickers Works ©. Sykes (/ron Coal 
Trades Rev., 1960, 180, April 22, 929-930) An 
address, briefly the history of the 
company. ; 

Japanese steel production G. Grenier (Mines 
Mét., 1960, May, 277-279) The history of 
Japanese steel production since the opening of 
the first foundry at Yawata in 1880, 
development as the fruits of the 
indemnity following the war of 1894 
traced down to the present day, with a survey 
and summary of current Japanese producers 
lett intact by the second World War.—s.H.-s. 

On the technique employed by the Etruscans 
for manufacturing iron weapons. The metalio- 
graphic examination of an iron battieaxe of the 
6 7 century A.D. from Vetulonia ©. Panseri 
and M. Leoni (Met. Ital... 1960, 52, May, 229 
236) The test proved that this weapon was 
made by the Etruscan welded damascene tech 
nique. ° 
hamime 
tents which produced weapons of high hard 
ness and impact strength. This axe had under- 
gone a martensitic hardening process on the 
cutting edge in contrast with other iron we apons 
which showed a crude forging structure. 

Methods of making chain mail (14th to 18th 
Centuries). A ee note ©. S. Smith 
(Technology and Culture, 1959, 1, Winter, 60 
67, reprint) Cross-sections of rivets and links 
are shown and methods of fabrication are con- 
sidered. 

British omelting from 1870 to 1914. - Blast 
furnaces G. Grenier (Echo Mines Mét., 1960, 1, 
19-21) A review in general terms with a list of 
improvements and their inventors S.H.-S. 

Twenty-five years of stainless steel ©. Sykes 
Tron Steel, 1960, 33, May, 189-190) A report 
of the speech made by the chairman of Firth 
Vickers Stainless Steels on the occasion of the 
Company’s jubilee. The growth of the company 
and its present equipment are described. 


Garino, 


was however 
puddled balls or 
described in detail 


with its 
Girat zu 


giving 


and its 
( ‘hinese 
1895, is 


This consisted of superimposing and 
r-welding steel of varving carbon con- 





Percy Carlisle Gilchrist I. N 
Steel, 1960, 26, April, 114-115) 
of the part played by Gilchrist in association 
with Thomas in the development of the basic 
Bessemer process 


Brit 


\n assessment 


Simons 


ECONOMICS AND STATISTICS 


The iron and steel industry i in Europe, 1958 
1959 (Trends in Economic Sectors, 1960, 6, 
May, pp.185) A study prepared by the Iron 
and Steel Committee of OF EK 

The fron and Steel Industry A. Gimenez 
Sanmartin (Dyna, 1960, 3§, April, 250-285) (In 
Spanish} A world review of the industry is pro 
vided and in the first part data on program 
ming, planning, and modernization during 
1959 are supplied, taking each country or regior 
in order. The latter part provides information 
on the productivity of the North-American, 
English, Russian, and Japanese iron and steel 
industries by means of translated extracts of 
reports published elsewhere P.S 

Long-term trends of the iron and Steel 
Industry of the Worid: A study by the Economic 
Commission for Europe 1960, 96, 
July 2, 886-888 notably 
from the German 
Nations publication ‘Long-te 
problems of the European Steel Industr 
pared by the Secretariat of the Econo: 
Commission for Europe 


(Gliickauf, 
his is a summary 
point of view of a Unitec 


rm trends ar 


Geneva, 1959 r.a 
The Japanese iron and steel industry (: 
Grenier Vin Wet 1960, + 
Statistical, with map 

The competitive position of Lake Superior 
iron ores Part J. S. Wilbur (Blast Furr 
Steel Plar 300. a, April, 365-370) Econo 
problems connected with development of cor 
petitive ore deposits 
are discussed 

Brazilian iron ore for Japan ‘). ki: 
Min. e Met., 1960, 31, Fel 
Portuguese} Details of Itabira 
Japan are supplied 
price, FOB Vitoria, of US $11.00 we 
in 1959 A full account of the 


industry 18 pive 


June, 353-354 


and transportation 


LOO t at 


n with details of iro 
roduction. The type 


Japanese iron ore imports are 


quantity, 


IS refs P.S 
hae correct steel at the gee place \\ 
Ku scher Techn Lue, 15, Tk 158-462 
ine rder to facilitate the correct use of the st« 
lable 
a Socialistic Stee 
en formed, This was f 


in tn socialistic economy 


i 


qualities a in the Gern 


are used for promotin cial products 
The steel industry metals. Vin. J., 
Ma Annual Revie No., 31 46). tron and 
Steel J. H. Th n (31-46 i aang s 
Bracewell (33, Nickel A. G. Thoms 
37). Cobalt. (37, 39). Chromium (39, 41 
Tungsten Molybdenum (41, 4 Van- 
adium (43 Niebiem and pepe yt 
Sandor (45 46) Brief tect a 
Organisation of cyclic production in metal- 
lurgical plants (review of a book by L. 
Liberman) I. A. Medvedev and E. 8. Glic 
(Nt , 1960, (6), 560 561 
The development ot a steel ey 
affecting the economics . steel i. |)... 
NML Teci /-» 1960, 2, b., 35-46 


atistics and re 


factors 
Brist 


S176 
} nvestment needs, 
pected returns are considers 

An explosive period for metals ‘ 

r je, 1959, 184, Oct a 

cent techne logical d 
use of various a is and 
ferrous I tals is discussed A. 

Effect of reorganization = Pray ge Db. M 
Potter (Jron Steel, 1960, 33, , 202-206) The 
effects of plant changesi n te Various sections 
of Steel Peech and Tozer’s works between 1945 
and 1951 on their efticiency are described 

Review of the Italian Iron and Steel industry 
in the post-war period: its development and 
prospects in the immediate future | ASSIDER 
(Met. Ital., 1960, §2, May, 203-213) This paper 
describes the structural problems of the 
industry in the post-war period with particular 


regard to the 
tion. Relevant production statistics are given 
rhe structure and development of the individu 
al steel companies is described together with a 
review of the latest technical developments 
Technical progress and steel Prager S 
Kavinski (Pr Techn., 1960, 81, , 6) In 
} and st z Poland 
in 


th produ tion of pig tron 
depends to a large extent on the import of 
ntly the author suggests 


raw material situation and loca 


toreign ores, C<¢ gg 
that the 


used in Civ 


mseque 
strength of el St.52 


reased, 


onstructior 
ild be in 


in we 


il engi 
thus bringing abou 


eering sho. 
it @ SAVING 
20°,. Losses in transformer p! 

at 1-3 W/kg should be reduced gi 
siderable annual saving 
and energy. Lastly an 
facturing 


in capi 
iIncresé 
capacity of reintorces 
for drainage and water suppl 
made. This would k 
SO U0) 

Are the present- er pou A iron and steel 
correct? F. Sch: te, 1960, 5, 
April, 245-251 Re err cor 
ditions 

Post-war Seeeey | 


1 Pitt he Statistica 


ad to a w 


l., 1960, May 7 

el and a mi: 

tren metallurgy F. Szlajmet 
1960, 81, . y The auth 

ry of | data conce ir 
n eel industry in 
53-1958. Mention 
1ace with 


al speci 
rmduction apacity 
scrap, steel, and specialize 
The information indicates very 
development in recent year 

Expansion of the iron and steel industry in 
Brazil ki}. de Macedo Soares e Silva 
Vet., 1959, 20, 5-16 ‘es historical 
covering the static condition of Brazil 
L5SOOOO to 250000 ¢t 


1901 


consumption of 
tweet 


since 1930, of 


Imported) be 1930, and 
LTOOOO ft " me wit 
,H00000 t production for 1 62 
Chinese Steel and railway developments i 
1960, 5, (3), 37-45 


in thes 


satel “4 rt 
lescribed and also the il net rh 

The boiler making and sheet and plate 
industries (.\/ét. Const. Me 1960, 92, April 


MISCELLANEOUS 


New dimensions in metallurgy |). H. \ 
in ise / Re 7., 1460 38, Apr 
134) High purity materials, espe | 
" i Vibra re d 
Cylindrical helical ‘springs with non- -enltorm 
pitch S. Gross ( Vra/ 10 g., 358 


pri 

A note on 5- 
In Englis 

o- Fe 27 can 


201-206 
matterns oF 
reted by ‘ 
the plane perpendicular to C-axis 
Hydrogen overvoitage and the eee of 
Fe.0, moneesrystals in alkalis A. S. Afanas’ 
and ©, Ya. Miroshnichenko 
Zhurn., 1959, 25, ; 


start of electrical 


1 
assuming Maver 


processes take place 


electrical reduction gradual 
electrical reduction of e oxide This latter 
process proceeds very slov al the micro 
ervstal is reduce only i ynific 
gether with the 


antly lo 
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H.© there ns the intens 
of the oxide with « »slutior rf 
reduced Fe decreases 
urrent density, 
Calcium iron — H Swans 
I 


SAACS, d i vans 


also bewi 


196 0, ‘ " , 1) This 
compilation of diffraction 
powder patterns 

The amount of haemoglobin measured on 
smelting furnace labour Y. Norimatu, K 
lakavyanagi, M Kiyor ava. and M. { oka J 
Lab. Hyq., 1960, 9, Feb., 10-13 

Possibilities of automation offered by elec- 
tronics in the iron and steel industry |: 
Plettner é Tech. Luxew 1, 1960, 52, 
April-June | I ré 1 writ 


and 

calculating machines are dealt 

"solubility of iron nickel alloys in Sqete aes 
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Elliott (N YO-4684, 1958, pp.22: from 0 s 
Govt. Res. Rep., 1959, 31° Fet 3, 114) (N 
abstract S.H.-8 

Phase equilibria in the system La,0, iron 
oxide in air V. L. Moruzzi and M. W. Shafer 
J. Amer. Ceram. Soc., 1960, 43, July, 367-372 

Investigation of various metal protective 


Fleischer an 


coatings on the gum formation and oxidation 
Stability of gasoline V. oO 
1957, Ju pp.36; fre 
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4988 BOOK NOTICES 


process and includes the acid open-hearth, 
Bessemer, basic Bessemer, oxygen top- 
blowing, oxygen open-hearth, electric duplex 
and triplex processes and also special systems 
such as the Perrin, Bertrand-Thiel, and 
Talbot processes. This section is followed by 
a discussion of the fundamentals of the 
physical chemistry of steelmaking. The des- 
criptions are straightforward. Reference is 
made to such items as flame luminosity, fuel 
consumption, and refractories, but not to 
such subjects as the aerodynamic phenom- 
ena related to furnaces. There is a separate 
chapter on rimming and ‘:illed steels. Much 
useful information is given in the form of 
histories of actual heats. In the theoretical 
sectio the author starts with the first 
principles of physics and chemistry, dis- 
cusses various slag—metal reactions, the 
theory of heat treatment, and the structural 
components of steel. KR. SEWELL. 

Bootn, A. D. (Editor). ‘Progress in Automa- 
tion’, Voll. 8$x5} in.,  pp.viil+231. 
Illustrated. 1960, London: Butterworths 
Scientific Publications. (Price £2 2s.) 

This first volume in a new series contains 

11 papers all of wide interest. The book is 
divided into three main sections: an intro- 
duction which gives a brief history of the 
subject and provides some definitions of 
useful terms, a discussion of some of the 
fundamental techniques, and a description 
of a number of applications. Of most interest 
to the iron and steelindustry is a short paper 
by G. Syke (abstracted in JJS/) on auto- 
matic control in the manufacture of steel 
strip. It is a useful summary of well-known 
developments but unlike some of the other 
contributions it is without a list of refer- 
ences. 
BritisH STEEL CASTINGS RESEARCH ASSOCIA- 
TION. ‘Data Sheets on Dust Collectors’. 
10x8 in., pp.ix+ 39. Illustrated. 1960, 
Sheflield: The Association. (Price £1 10s.) 

First published in May 1958, in an edition 
restricted to members of BSCRA, these data 
sheets have now been revised and made 
generally available. Details are given of 32 
dust collectors primarily suited to steel 
foundry applications. 


CaBLe, J. W. ‘Vacuum Processes in Metal 


working’. 735 in., pp.202. [llustrated. 
1960, New York, London: Reinhold Pub 
lishing Corp., Chapman & Hall Ltd. 
(Price £2 4s. 

The preface suggests that this volume 
should be a valuable introduction to the sub 
ject of vacuum metallurgy, being of a prac 
tical rather than a theoretical nature. This 
view is confirmed in the opening chapters, 
where some lucid and entertaining desc rip 
tions of the principles of vacuum technology 
are given. In the later chapters, however, it 
is a little disappointing to find that the 
vacuum aspect is at tumes overshadowed by 
excessive descriptions of heating processes. 
Outgassing, refining, purification, and dis 
tillation are dealt with briefly but adequate 
ly , 48 are vacuum sintering, vacuum de posi 
tion, vacuum brazing, and welding. Vacuum 
melting and casting are treated in more 
detail, but it is unfortunate that vacuum de 
gassing is included as a short digression in 
this chapter. Illustrations are few and un- 
numbered. One has the feeling that in an 
introductory work of this nature a few 
simple line diagrams adequately explained 
in the text would have been of more value. 
Equipped with a comprehensive index, the 
book is well worth reading provided it is 
understood that it is intended as an intro- 
duction and not a work of reference. The 
author recommends the reader to consult 
other works for technical details. 

G. Hoye. 
CLARKE, N. (Editor). ‘A Physics Anthology’. 

8454 in., pp.vili+ 323. 1960, London: 
Chapman & Hall Ltd. (Price £1 15s.) 

An agreeable pot-pourri which has already 
appeared in the Bulletin of The Institute of 
Physics on whose behalf it is published. 
There are 23 contributions, all of value. 
There is no single theme although perhaps 
there is a bias towards the philosophy of 
science set by the first notable contribution 
from the President of the Royal Society and 


(FROSSKINSKY, Q. 


concluding with a discussion ‘Ethics and the 
Scientist’.——-M. L. Pear. 


Carpovicn, E. A. ‘Russian-English Metals and 


Machines Dictionary’. 8 54 in., pp.112. 
1960, New York: Technical Dictionaries Co. 
($9.00.) 

This dictionary contains about 9000 
Russian entries and it covers primarily 
metallurgy, metals and alloys, metalwork- 
ing, and machines and machinery. Although 
many of the entries can also be found in 
more comprehensive dictionaries, such as 
L. I. Callaham’s Russian-English Technical 
and Chemical Dictionary, this dictionary 
contains a considerable number of terms not 
given elsewhere. As far as ferrous metallurgy 
is concerned, published dictionaries avail- 
able at present give but few English equival- 
ents of the Russian names for parts of OH 
and other furnaces and of surface defects in 
ingots and their products. It is to be hoped 
that these and other similar terms will be 
included in a future edition or in some other 
publication. Until many more such terms 
have been translated, it seems somewhat 
wasteful to have so much overlapping in 
Russian-English dictionaries. In the mean- 
time, this book can be recommended as an 
additional dictionary for translators con- 
cerned with metallurgy in view of the 
hitherto unpublished terms it includes. 
There are some printing or spelling mistakes 
but in spite of this the dictionary should 
still be of considerable value 

C. 1, PEDERSEN. 


GRABBE, E. M. et al. ‘Handbook of Automation, 


and Data Processing. 9x 6 in., [31 chapt 
not continuously paginated 1959, New 
York, London: John Wiley & Sons Inc., 
Chapman & Hall Ltd. (Price £7.) 

This second volume (the first on Control 
Fundamentals was reviewed in JISI, 
October 1959), deals very competently with 


Computation and Control’. Vol.2. ¢ omputers 


six main sections, Computer Terminology, 
Digital Computer Programming, The Use of 
Digital Computers, Design of Digital Com 
puters, Design and Application of Analogue 
Computers, and Unusual Computer Systems. 
Each chapter starts with definitions and 
deseriptions and then goes on to more 
complicated theory, analysis, and applica 
tions. There are numerous literature refer- 
ences at the end of each chapter. 

(Editor). ‘Handbuch des 
Kokereiwesens’. In 2 volumes, 947 in., 
pp. Xvi 547, xi 542. Illustrated. 1955, 
1958; Dusseldorf: Dipl.-Ing. Karl Knapp 
Verlag. Price: Vol. 1 DM. 76. Vol. 2 
DM.S6. 

The Germans are more book-minded than 
the English and already have the Handbuch 
der Kokerei published in two volumes 
in 1927-8 by Wilhelm Gluud, which was 
translated or used as a basis for editions in 
English (1932) and French (1937). Gluud’s 
successor as Director of the Coal Research 
Institute, Dortmund, has in effect, brought 
the su ct up-to-date as a handbook of 
coke-oven technology. Volume I deals with 
coal, coKe-ovelhs, coke, and thermal balances 
and is a compilation by about 20 different 
contributors. Volume II extending to over 
500 pages deals in 12 chapters with crude 
gas; recovery of ammonia and _ benzole; 
removal of sulphur, naphthalene, nitrogen 
oxides, and the drying of the gas; the prac 
tice of removal of tar, hydrogen sulphide, 
and the production of sulphate of ammonia 
and benzole; the recovery of cyanogen com 
pounds, ammonia liquor, and phenol; tar 
distillation; other ammonia products; the 
recovery of aromatic hydrocarbons; the 
recovery of sulphur; the use of the purified 
gases for synthesis, ete.; the removal of 
benzole, naphthalene from the gas under 
moderate pressures; and cooling. As in Vol. 
there are about 20 contributors. The vol 
umes are therefore essentially reference 
books for which good indexes are essential; 
there are both author and subject indexes to 
each volume to aid such reference. There are 
262 illustrations including many of the 
ingenious process-outlines in which the 
Germans are particularly competent, and 86 
tables. All the illustrations are line-drawings 
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LOTHIAN, G. F 


within the text so that the book is compact. 
The type is Roman and easy to read and the 
book is well produced but expensive. 

A. Mort. 


LemMENT, B. S. ‘Distortion in Tool Steels’. 


9x6 in., pp.v+173. Illustrated. 1959, 
Novelty (Ohio): American Society for 
Metals. (Price $10.00.) 

This is an extremely valuable book for the 
practical man engaged in the heat treatment 
of tool steels, and aware of the pitfalls to be 
encountered by fine variations of the same 
heat treatment. The book explains how the 
dimensional changes occurring can be pre- 
dicted and thus allowed for by designers. 
Since it is becoming common to design tool 
steel components with tolerances in the 
range of 10 to 100 micro-inches, economical 
manufacture requires knowledge of dimen- 
sional changes sufticient to facilitate choice 
of machining operations so that the final 
dimensions of a part will not change signifi- 
cantly during storage or under normal ser- 
vice conditions. The book discusses these 
and related topics and has chapters dealing 
with causes of distortion, measurement of 
dimensional changes, calculation of size 
changes, control of distortion, hardening, 
cold treating, tempering, and ageing. There 
is an index and the published work of 
numerous individuals cited in the references, 
as well as the author’s own experience and 
research provides much of the data of the 
book; an attempt has been made to collect 
all important information available on di 
mensional changes in tool steels, and to 
present this data in 
book will serve as a 


onvenient form. The 
useful concise referen 
work for those who would not normally 
have access to sufficient literature on this 
subject... W. G. SALISBURY. 
{hsorption Spectrophotometry 
2nd ed. 8} 6 in., pp.viii+ 246. Hlustrated 
1958, London: Hilger and Watts Price 
£2 12s.) 


SANDELL, E. B Colorimetric Determination 


of Traces of Metals’. 3rd ed 9} 6 in 
pp-xxi-+ 1032. 1958, London, New York 
Interscience Publishers Ltd. (Price £9 5s 


rhese are two completely revised editions 
of books already well known to the analytical 
chemist. 


Lothian’s book was first published in 


1949; since that date absorption spectro- 
photometry has grown rapidly and it has 
become necessary to rewrite most of the 
chapters in line with present-day develoy 
ments. Part I is concerned with the nature 
and laws of absorption and contains a useful 
comparative table in which American and 
British terminology is defined precisely. Of 
particular interest is an account of the 
effects of tinite slit-width and diffusing 
media on the applicability of Beer's Law. 
Much useful practical advice is given in a 
chapter on accuracy in spt ctrophotometry 
Some cautionary notes on differential 

vectrophotometry will be of especial value 
to workers interested in the colorimetric 
determination of major constituents tin 
ferroalloys and alloy steel. Part IL contains 
two chapters, one on the relationship be 
tween absorption spectra and the chemical 
structure of organic compounds, and the 
other illustrating a few typical examples of 
the application of absorption spectrophoto 
metry in analysis. Part III consists of six 
chapters on technique. The principles of the 
design of photoelectric, thermal-detector, 
photographic and visual spectrophoto 
meters are considered, and the author gives 
concise details of some re presentative com- 
mercial instruments. Absorption cells, sol 
vents, and standards for checking spectro 
photometers are dealt with in the final 
chapter. 

Sandell’s comprehensive manual of select- 
ed methods for trace metal analysis, first 
published in 1944, has been enlarged and 
brought up to date in this third edition. The 
general plan of treatment is identical with 
the earlier editions: Part I is concerned with 
general aspects and Part II is a collection of 
procedures for 48 metallic elements and the 
rare-earth group. A trace constituent is 
generally accepted as one occurring to the 





extent of 0-01°, or less but Sandell points 
out that methods used in trace analysis are 
often useful for constituents in the range 
0-01-1°%,. Methods for the separation and 
isolation of elements are compared in Part I, 
and the properties of some 26 of the best 
known reagents and their 
derivatives are discussed. Of particular note 
is a section on dithizone in which the author 
unravels the extensive literature on this 
reagent. The layout of Part II is excellent 
each element has a section on separations, 
methods of determination and applications, 
and each section is neatly divided under 
appropriate sub-headings. The author has 
attempted to make a survey of all the litera 
ture on the separation and colorimetric 
determination of metal traces published in 
recent years. From this mass of material a 
relatively few methods are pres¢ d for 
wherever po 


colorimetric 


each element and, 
underlying principles of the de 

have been examined. A large 
miscellaneous information is 

form of footnotes and it is som i 
cult to decide why the author has not chose 
to incorporate such material in the 
contrast with many American bo 

nature, the author does not place t 

an emphasis on American literature 


endeavoured to cé his net far and 
work as recent as early 1957. Ret 
given at the bottom of each page 
addition, a number of addenda i 
of annotated literature references 
portant contributions published whi 
manuscript was in the hands of tl 
lishers 

Together these two books prov 
essence of the theory and practice of 
Lothian’s 
combines an excellent account of the 


principles with a survey of instrurne 


tion spectrophotometry 


and good deal of practical advice 
operator. Despite its high price, 
ican book is essential to trace 
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PLENARD, ELIZABETH. ‘Considérations sur 
module d’elasticité et la capacité d’amortiase 
ment des fontes qrises’. 1048 in., pp. 166 
68. Illustrated. 1958, Paris: Centre Tech 
nique des Industries de la Fonderie. (Price 
Fr. 2300 

This is a thesis submitted for the degree of 
Ingénieur-docteur at the Sorbonne. It 
most able piece of work dealing with 
elastic properties of grey iron, the measure 
ment of its Young’s modulus, and the influ 
ence of structure and method of manufac 
ture on its elastic properties. It has beer 
produced in duplicated form but the illustra 
tions are clearly presented. An abstract of 
the thesis has appeared in Journal d’ Infor 
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mations Techniques des Industries de l onal Associations and Research Institutes 
Fonderie, January 1959, No.102, pp.13 j Libraries an hive Museums and Art 
ripova, I. N. et al Vetallic Corrosion 
Inhibitors’. [Translation into English from 
the Russian.] pp.viii+ 196. Illustrated. 1960, 
London: Pergamon Preas. (Price £3 3 

This little book stems from the apprecia 
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essential, The authors rightly claim that the 
use of corrosion inhibitors can make possible 
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BRITISH 
STEEL 


AT ITS 


BEST 


E BASIC OPEN HEARTH STEEL 


[ES CARBONS UP TO 1.0% 


DEEP STAMPING & RIMMING 
SILICON & SILICO -MANGANESE 
FREECUTTING 

LEAD -BEARING 


* BLOOMS 5” up to 9” square 
BILLETS 2”, 24”, 24”, 3°, 34” and 4’ sq. 
SLABS 5” to 16” wide x 2” to 2}” thick 
SHEETBAR 12’ wide x }” to }” thick 


Lysaght-Scunthorpe 





Other sizes by request 


For further particulars please write to us at: 


JOHN LYSAGHT’S SCUNTHORPE WORKS LTD. . 
Normanby Park Steel Works, 
SCUNTHORPE, Lincolnshire. 

















STEPHENS’ 


Super Grade Low Alumina 
Silica Brick 
& 


FINE SILICA CEMENT FOR 
SETTING SILICA BRICK 


< 


STIGNIC CEMENT FOR BASIC 
STEEL LADLES 


KILN CAPACITY OVER ° 
1} MILLION BRICKS SPECIAL FIRE CEMENTS for all 


purposes 
* 


STEPHENS’ SPECIAL ELECTRIC 
FURNACE ROOF BRICKS 


< REGENN BRICK without doubt the best 
Brick for Soaking Pits, Checkers, and 
Regenerator Chamber Walls 


Stephens SILICA BRICK CO.,LTD. 
KIDWELLY 


Telegrams :—STEPHENS, KIDWELLY Codes:—ABC 4th & 5th Editions 
Liebers & Marconi 
Telephone:—KIDWELLY No. 1 
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A BUSY TECHNICAL MAN 
can stillkeep UP-TO-DATE 


Too mu¢ h to read and too little time? | he answet! lies in 

THE NICKEL BULLETIN, proved friend of many a busy man over the 
past thirty-odd years. This invaluable monthly journal covers, 

in abstract form, new research, new processes, new 

materials in every industrial field. Its contents 

are drawn from learned societies’ and official 

publications and the technical press all 

over the world. Full details of original 


source are given. 


Save time by reading 


THE NICKEL BULLETIN 


each month 


1 Spe hy of your free publication 
THE NICKEL BULLETIN 
NAMI 


ADDRESS 
JS/MP28/12 


THE MOND NICKEL COMPANY LIMITED 


THAMES HOUSE - MILLBANK + LONDON SWI 


TGA MP28 
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WITH THE Ty-rock 
ROD DECK SCREEN 


The TY-ROCK ROD DECK SCREEN is a recent addition 





to the range of International Combustion equipment for ore 
handling. The efficiency of this screen has been proved in 
operation and particularly satisfactory results are being 
achieved with ores known to be difficult to handle. 


For further details of the Rod Deck Screen and complete mechanical handling 


plants, plee ase write lo: 


NINETEEN WOBURN PLACE, LONDON W.C.1. TELEPHONE: TERMINUS 2833 WORKS: DERBY Cj 


Member of Atom Power Constru ns Limited One of the Br h Nuclear Energy Gr 


TGA MH23A 14 
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newest in AIR-BREAK switchgear... 


pees 
0+? 
The ‘ENGLIisH ELectric’ Class *M’ medium voltage circuit-breaker ‘e OS) 


embodies the latest ideas in design and construction. It incorporates, for 
example, safety factors hitherto only associated with high voltage circuits. 
Easy to install, simple to operate and maintain, these circuit-breakers are 


totally enclosed under all service conditions and isolation is completed 





behind a closed door. The new range of time-controlled, direct-acting 
overcurrent tripping units give better performance and discrimination 
Send for Publication SG'352A to: 

The ENGLISH ELECTRIC Company Limited, Switchgear Department, 
East Lancashire Road, Liverpool, 10. 


31 MVA at 415 volts. ASTA Certificate No. 4062. 
Compact cubicles of uniform height for 
800 and 1,600 amp breakers, 1,600 amp on 2’ 0” 
centres. Unitised busbars for ease of uprating 
switchgear J and extension; up to 3,000 amps available. 
j Automatically operated shutters screen cable and 


busbar connections when the breaker is withdrawn. 


THr ENGLISH ELECTRIC Company Limited, ENGLISH ELECTRIC House, STRAND, LONDON. W.C.? 


WORKS STAFFORD PRESTON BRADFORD LIVERPOOL ACCRINGTON 
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GUEST 
KEEN 


IRON & STEEL COMPANY LIMITED, 


EAST MOORS, CARDI FF. 


TELEPHONE: CARDIFF 3315) 
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SUP PLS 
AB, Whogs ‘ 


can you 
afford 
your 
centrally 
heated 


nat uf ok imney aa 


With rising production costs it's hardly likely. The people to see are 


Spencer-Bonecourt-Clarkson who for over forty years have been experts in 
waste heat recovery for steam raising in a wide range of industries. In addition 
to fire-tube boilers, S-B-C now also supply water-tube boilers. 

The vigorous approach of S-B-C technicians leads them into many fields of 
enquiry. They are experts on latent cooling techniques as applied to door frames 
and other parts of open hearth furnaces, and to the skids of reheating furnaces 
Keeping abreast of the latest developments in the Steel and other industries, 

a team, of S-B-C engineers recently toured Germany and other continental 
countries to inspect the newest techniques. 

S-B-C are the people best equipped to advise you and to act for you in the 
recovery of waste heat. Write or ‘phone today —time spent now can save you 
pounds for years to come. 


SPENCER-BONECOURT-CLARKSON LTD Leaders in Waste Heat Recovery 


A subsidiary company of Babcock & Wi/cox Ltd 
28 EASTON STREET * LONDON : W.C.1° Telephone: Terminus 7466 
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a erum | 


December, 1960 








[GHTSIDE| 





v 


HOT AND COLD 
ROLLING MILLS 


ROLLS FOR HOT AND 
COLD ROLLING 


ROLL LATHES 
HOT AND COLD SHEARS 
HOT SAWS AND REELERS 


STEELWORKS PLANT 
AND AUXILIARIES 


he 


34” = 84” Blooming and Slabbing Mill powered by a D.C REVERSING MOTOR 
having a working peak of 14,000 H.P. at 60 r.p.m. and supplied complete with 
run-in, approach, working and run-out tables, together with an 800 ton Down 
Adjusting Up-cutting Hot Bloom Shear. 


THE BRIGHTSIDE FOUNDRY & ENGINEERING CO. LTD. SHEFFIELD 


G.P.O. BOX 118 SHEFFIELD | 
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OLEX mitt 


THE BUSHING COMPANY LTD. HEBBURN ON TYNE 


TELEPHONE: HEBBURN 83-2241 © TELEGRAMS BUSHING HEBBURN 
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ISSUED BY THE NATIONAL COAL BOARD 
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keeps Bowat 
in the news 


é ow MEN AT BOWATERS who run their international 
organisation producing paper, board and packaging of 
all kinds have a precise knowledge of all that goes to make 
their top quality products. That is why they chose coal to 
run the powerhouses that begin the process of paper- 
making at their great mills in the United Kingdom. 

They chose coal because coal, mechanically stoked, 
provides the maximum heat at lowest cost. Furthermore, 
modern coal burning equipment is smokeless, and our 
coalfields can produce—for generations to come—ai/ the 
coal that British industry will need. 

The next time you are working out your fuel problems, 
remember Bowaters. For their pulp and paper mills in 
Kent and Cheshire they chose coal—one of the factors 
that point to a buoyant future at Bowaters. The same 
decision made by you may well begin a success story that 


could make headline news—on Bowaters’ newsprint. 


PROGRESSIVE INDUSTRY 
IS GOING FORWARD ON 


COAL 
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POLICY INTO PRACTICE AT 
BOWATERS’ KEMSLEY POWER PLANT 


Mr. L. A. Robey, Deputy Power 
Engineer, comments: 

\ have operated our 
nd they have given long 


| boiler which is 
f 


vaporatio 


nm maintained 
of operation 
with very high availability. The boiler stays 
very clean and with nominal maintenance 
excellent combustion conditions are main 
tained. The remote control is very flexibl 
and meets the changing process demand 
without difficulty. Grit arresters collect the 
i discharge it automatically for dis 

1 with the minimum amount of troub] 
he quality of fuels reccived has always 
sistent and we have never failed to 
the large stock piles which are 

or th plant 

hos oal many years ago for 
juirements at Kemsley— 


Here are the details of the Bowater 
Kemsley boiler installation 
Boilers: ies © water-tube 
Method of firing: grate stokers 
and. pulverised fuel 
Boiler efficiency: 80% old boilers 
88°, new boilers 
Maximum steam rating: .g40,000 Ibs. per hour 
Maximum steam pressure: 1 .so0 lbs. persq.inch 
Maximum steam temperature: 915 I 
Annual fuel consumption: 320,000 tons of coal 


Kemsley alone 





why 
ACHESON 


TRADE MARK 


graphite 
electrodes 





ive You Denenateble Service.’ 


‘ Acheson” Graphite Electrodes are manufactured from specially selected high grade 
raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give a final electrode for your arc furnaces with these properties at their optimum 

LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
‘Acheson ”’ Graphite Electrodes are made in the United Kingdom only by 


BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


ACHESON 


TRADE MARK 
GRAPHITE ELECTRODES 
The term ACHESON is a registered trade mark 
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CHOSEN BY 
THE UNITED STEEL COMPANIES LIMITED 





Appleby-Frodingham Steel Company 
Samuel Fox & Company Limited 


Steel Peech & Tozer 
Workington Iron & Steel Company 











CHARA 


mr LI rer ret 
Of raw p= & ¥% OUPLIN , 
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Can accommodate limited angular and parallel 
misalignment. 


Absorb shocks and operate noiselessly 
under any conditions. 


The multi-row arrangement of the blocks results 
in a small diameter and, therefore, 

a lower WR? value than 

any other torsionally resilient coupling. 


No end thrust on the bearings of the 
connected shafts. 


No lubrication or maintenance required. 


oe . : Pe 
A size 600 H.P./R.P.M.Holset Flexible 


Rubber Block Coupling installed on the 40” Slabbing 
Mill at the Stocksbridge Works of Messrs. 


Samuel Fox & Company Limited 
THE 


ENGINEERING CO. LTD 
TURNBRIDGE, HUDDERSFIELD. 


TELEPHONE HUDDERSFIELD 7480 
TELEGRAMS HOLSET, HUDDERSFIELD 
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the most 
accurate 
reliable 
economical 
and efficient 
TEMPERATURE 
CONTROLLER 
in the 
world 





is the WEST baie 


West Instr nt i 
Vonstrate tc 


LIMITED 


- E S T bs stuiment 





of the specialised television 


in the iron and steel industry is 


MARCONI 


INDUSTRIAL TELEVISION 


There are four sound 


PLANNED SYSTEMS 

Marconi’s primary concern is that every installation 
shall be properly engineered. Where possible each 
installation is planned in detail on site, ensuring that 
the equipment will be used correctly and will thus 
give absolutely reliable service. Proper system plan- 
ning is vital to satisfactory installation and is provided 
free of charge. 


SYSTEM INSTALLATION 

It is essential for a properly planned system to be 
expertly installed. Expert installation means a rugged 
and robust system that will work efficiently and as 
effectively as the heavy plant with which it is associ- 
ated. Marconi’s provide expert installation by specia- 
list engineers with experience in the Metal industries. 


MAINTENANCE SERVICE 

When an equipment needs servicing, it needs it 
immediately if the plant in which it is integrated is to 
continue to operate profitably. In addition to an 


efficient after-sales service, a special television 
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engineering reasons why 


equipment maintenance course is provided at Marconi 
College, Chelmsford, and customers are strongly urged 
to send those of their personnel who will be respon- 
sible for the running of their television systems to 
attend this. 


PROPERLY ENGINEERED EQUIPMENT 
Marconi Industrial Television equipment is designed 
specially for industry. It is rugged, reliable, simple, 
stable and robustly protected. 





MARCONI 
INDUSTRIAL TELEVISION 


Planned, Engineered, Installed, Maintained by 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., 
CLOSED CIRCUIT TELEVISION DIVISION 
BASILDON, ESSEX, ENGLAND 





Partners with 
THE ENGLISH ELECTRIC COMPANY 
in providing an engineering service to the 


Metal Industries 














2 High Reversing Slabbing Mill 
Roll dimensions: 47° dia. x 118 
barrel length. 

Drive: 2 x 6000 H.P. 
The second built for Yawata Iron 
and Steel Co., Japan, since 1957, by 


MASCHINENFABRIK SACK 
G.m.b.H. DUSSELDORF-RATH 
W. GERMANY 


Designers and Builders of Rolling Mills. 


Representatives for Great Britain and Ireland 
D.M.M. (Machinery) Ltd., 
Universal House, 60 Buckingham Palace Road 
London, $.W.!. Telephone: SLOane 070! 

- 


Py Py 
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The best electric motors are 


the ones you can forget, 


motors that will operate under the 


most arduous conditions without giving 


trouble, in fact Class H motor 
‘lass H—silicone insulated—motors 
withstand frequent overloads, 


heat and humidity to a vastly greater 
A or B machines 


extent than Class 


Continuous running tests 


have proved that the insulation life 
of Class H motors 1 

times as long a 
Class 


ten 
that of their 
A or B counterparts. And 
don’t forget, if you’re going 


in for rewinds make them 

SILICONE rewinds ! 
That’s the painless way to convert 
those tri 


ibiesome motors into 


consistent performers. 


Silicones strengthen the weak link 

in all forms of electrical equipment—its insulation. 
Write to the nearest branch of Midland 

Silicones for the names of 


rewinders 
experienced in the use of silicone insulation. 


MIDLAND SILICONES LTD 


(Associated with Albright & Wilson Ltd. and Doz 


first in British Silicones 
68 KNIGHTSBRIDGE - LONDON -: SW1 


» Corning Corporation 


TELEPHONE: KNIGHTSBRIDGE 7801 
Area Sales Offices : Birmingham, Glasgou 


, Leeds, London, Manchester 
Agents in many countries 
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For RELIABILITY Shell specify PLENTY 


for the heavy fuel oil pumps on the 
26 mile underground pipeline from Stanlow 
to Partington. 


The cast steel tandem pumping set 
illustrated is fitted with Constant Pressure 
Control and is remotely operated. 


Capacity infinitely variable from 0-150 m/hr. 
at 800 p.s.i. discharge pressure. 


Eagle Iron Works. 
LENT NEWBURY, Berks. 


Telephone: NEWBURY 2363 (5 lines) 


Telegrams: PLENTY, NEWBURY, TELEX. 
& SON Ltd. TELEX: 84110 











Special Report Sixth Report 
No. 66 of the Corrosion Committee 


Che corrosion of iron and steel costs industry millions of pounds every 
year, and research on the best ways of saving this money is of the 
highest importance. The Sixth Report of the Corrosion Committee, 
which was founded in 1928 and is now administered by BISRA, has 
recently appeared as No. 66 in the Institute’s Special Report series; it 
contains an account of the researches carried out during the past twenty 
years. 

The Report covers the corrosion of iron and steel in air, in soil, and in 
water; it details the results of numerous experiments and recommends 
methods of protection against the many different forms of corrosion. 
Reports of tests carried out to ascertain the corrosion rates of different 
kinds of bare irons and steels all over the world, and of steels protected 
with paint and/or metal coatings, are given. 

[wo other interesting researches described in the Report concern the 
corrosion and protection of steel at elevated temperatures up to 350°C, 
and marine corrosion. As a result of the latter, several reliable anti- 
corrosive compositions have been formulated, some of which are in use 
on H.M. ships and the “Queens’’. 

The Report, which consists of 228 octavo pages, illustrated with 20 line 
and 21 half-tone figures, and bound in cloth with stiff board covers, 
costs £3 35. od. (postage ts. od.), and may be obtained from: 


The Secretary, The Iron and Steel Institute, 
4 Grosvenor Gardens, London S.W.1 
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The Igniter 
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Sinter Process Control Desk 


‘ent, Sites 


SINTER PLANT... 


. . . for it is typical of the plants HH are building for steel- plant was designed to suit the particular needs of this well- 
works at home and abroad. Each one is designed to make known steel company. 

the finest high-grade sinter by accurately proportioning the Associated in the USA with Koppers Company Incorporated, 
available raw materials while keeping running costs down to our other specialities include Ore Dressing Plants, High 
a minimum. Intensity Magnetic Separators, Herreshoff Furnaces and 
Built for Shelton Iron & Steel Ltd at Stoke-on-Trent, this Badische Turbulent Layer Roasters 


~ “ 


nee e 


CONTINUOUS SINTERING PLANTS BY 


Huntington, Heberlein & Co. Ltd 


Simon House, 28-29 Dover Street, London, W.1. Telephone: Hyde Park 8191. Telex: 2-3165. Telegrams: Innovation Wesphone London Telex 


Conmonwealth Representatives Simon-Carves (Africa) (Ptv) Ltd: Johannesburg Simon-Carves (Australia) Pty Ltd: Botany, N.S.W 


} 


HH29 | Simon-Carves Ltd: Calcutta Simon-Carves of Canada Ltd: Toronto 
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SPECIALLY DEVELOPED 


Fireclay 

High Alumina 
Sillimanite 
Silicon 

Carbide Bricks 
and special shapes 
insulating Bricks 
and Concrete 
Plastic Jointing 
and Protective 
ements 
Refractory Concrete 
and Ramming 
Compounds 





AND TESTED 
REFRACTORIES 


for the 


lron and Steel Industry 


Pearson refractories have a great name 
for quality and reliability throughout 
the industry. Standard brick sizes are 
immediately available in a wide range of 
materials — special types of shapes are 
made to order. Send for full technical 
information and prices. 





E. J. & J. PEARSON LTD. 


FIREBRICK WORKS, STOURBRIDGE, WORCS 
Telephone: Brierley Hill 7720 





By arrangement with the Department of 
Scientific and Industrial Research, The Iron 
and Steel Institute is now publishing monthly a 
complete English-language version of STAL 
(Steel), the major Russian periodical in the field 
of iron and steelmaking technology. The 
developments reported in Stal in English are of 
the greatest interest to everyone connected with 
iro. and steelmaking. 
The rates of subscription are as follows: 

Annual subscription (12 issues) £20 0 0 
Special subscription to Members of 


The Iron and Steel Institute £1500 


Postage 1s extra, at a rate of ls per copy. Single 
copies may be obtained at £2 0 0 each (Members 
£1 10 0). 


Orders should be sent to 


The Secretary 

The Iron and Steel Institute 
4 Grosvenor Gardens 
London S.W.1 
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Control gear 
planned precisely 


7% 
¢ te ~ 


for every industry and every purpose 


AEI offers tailor-made control gear* for every industrial 
application, and provides a complete engineering advisory service. 
*and motors too 


Write for further information to : 


Associated Electrical industries Limited 


Motor and Control Gear Division 
RUGBY & MANCHESTER, ENGLAND 


COMBINING THE MOTOR AND CONTROL GEAR INTERESTS OF BTH AND M-V 





PLEASE HELP SPASTICS A5482 
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‘SPEEDIVAG HIGH VACUUM RESEARCH FURNACE 


Designed primarily for research work concerning melting ... casting ... brazing Stationary Radiant Heater Assembly 
sintering ... annealing... this small furnace is already in use for the production This accessory can be fitted for heat treatment 
of pure metals for transistors and the brazing of industrial diamonds. With work up to 1508 why = & provisos om Oona 
; heated work space 2° x 4° high for the investi- 

powerful high vacuum pumps it is really a production furnace in miniature. 


gation of heat treatment problems, including 
Melting capacity (steel) $ lb, temperature range up to 1800°C. brazing of multiple joints. 


EDWARDS HIGH VACUUM LTD. MANOR ROYAL - CRAWLEY - SUSSEX - ENGLAND - Crawley 1500 








BWELE 


“TURBO” TRAY DRYER-COOLERS 


Operating on the original ““Buttner’’ system these machines carry the 
sugar crystals in a shallow bed on superimposed annular shelves 
exposing a large and frequently changing surface to the drying or cooling 
air. Restricted movement and absence of tumbling action at the critical 
stages avoids degradation, preserves the brilliance of the crystal faces 
and reduces dust emission. 


Latest designs incorporate anti-agglomerating pre-Dryer for very fine 


grain sugar and use heat exchangers passing clean filtered air only. 


Illustration shows Buell combined Drying and Cooling unit handling 
18 tons white sugar per hour in a British Sugar Factory. 


Also 
BUELL-BUTTNER ROTARY 
DRUM DRYERS FOR DRYING 


BUELL LIMITED BEET SUGAR PULP 


(a subsidiary of Edgar Allen & Co. Limited) 
THREE ST. JAMES’S SQUARE - LONDON S.W.1 
Telegrams: Allentare Piccy, London. 
Telephone: Trafalgar 2528 (3 lines) 
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+NMo deformation 
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resistant 70 
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A linings 


are more efficient on every count” 


That's why orders have been received for over 200 blast furnace 
linings throughout the world, making Carblox Limited one of the 


CARBLOX LIMITED world’s largest manufacturers of blast furnace carbon. 
now 


offer the TEMCO pattern chequer brick 
tured by our parent company, Thomas Write for Catalogue to 
| ° Lc i ie 


“sryass or3eececcy— GARBLOX LIMITED, STORRS BRIDGE WORKS, LOXLEY, 


NR. SHEFFIELD. TEL: SHEFFIELD 343844/5/6. 
One of the MARSHALL REFRACTORIES GROUP of Companies 


cx.7.(R) 
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ACID RECOVERY OR DISPOSAL 
THE COMPLETE SOLUTION 


SULPHURIC ACID 0h high speed strip lines the new Kestner Recovery Plant 
offers maximum economy—freedom from fumes and low main- 
tenance—low capital cost. 


HYDROCHLORIC ACID On batch or continuous processes—a new process 
developed and used on the Continent—no_ by-product—good 
economy—no fumes. 


SULPHURIC ACID On batch processes with limited output the well proven 


Kestner-Fakler process still offers the least expensive answer. 


MIXED ACIDS Where acid recovery cannot be applied Kestner offer a complete 


range of neutralising plant employing various standard units. 


May we give you further information 


KESTNER EVAPORATOR & ENGINEERING CO. LTD. 


5 GROSVENOR GARDENS, LONDON, S.W.1 


Kestner 


THE CHEMICAL ENCINEERS 











ss 
TELEGRAMS: ALLOY WIDNES > TELEPHONE: WIDNES 266! 


HIGH SPEED STEEL ALLOYS LTD 


FERRO TUNGSTEN 80/85, 
FERRO VANADIUM 35/80%, 
o FERRO MOLYBDENUM 70,75%, 
ALLOYS CALCIUM MOLYBDATE 40/50%, 
FOR MOLYBDENUM BRIQUETTES 55/65°, 
STEELMAKING FERRO TITANIUM 20/257, & 40%, 
TUNGSTEN METAL POWDER 98/99%, 
MANGANESE METAL 
CHROMIUM METAL 


TUNGSTEN METAL POWDER 


TUNGSTEN CARBIDE METALS AND POWDERS 
TUNGSTIC OXIDE 


TITANIUM CARBIDE FOR — 
AMMONIUM PARA TUNGSTATE TOOL TIPS DRAWING DIES, ETC. 
and other metallic carbides 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals 


Review, will be gladly sent on request to us at:— DITTON ROAD, WIDNES, LANCS. 
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Pressed brick being 
lifted from the die 


PROBLEM 


Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be ab- 
solutely accurate in size and shape. 
These qualities, combined with unerring 
consistency in texture and performance 
are achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control of 


the various processes is strictly observed, 
and the finished bricks are carefully 
inspected and tested before being des- 
patched to the consumer. 

More and more Pickford Holland re- 
fractory bricks are being supplied to steel 
and other industries throughout the 
world and the demand still grows. This 
surely points to the success of this policy 
of plant modernisation and is a tribute 
to the lasting service that these bricks 


SOLVED 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size, Shape, Texture and Performance 


PICKFORD HOLLAND & CO. LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE: 33921 
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RX ATMOSPHERE 
GENERATORS 





- + produce uniform atmosphere for dry cyaniding gas 
carburizing, 
homogeneous carburizing or carbon restoration heat 


treatment. . 


and provide atmospheres for protecting surfaces during 
bright annealing and clean hardening processes 





SUPPLIED IN UNITS HAVING CAPACITIES FROM 
500 cu. ft. per hr. to 6,500 cu. ft. per hr. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION *OLED® USA 














Fluorspar of high calcium 
fluoride and low silica content 
for all metallurgical purposes. 

Export enquiries welcomed. 


Guaranteed quality. 


DERBYSHIRE STONE QUARRIES LID 


Members.of British Fluorspar Producers Association 


BANK HOUSE. THE BRIDGE, MATLOCK, DERBYSHIRE TELEPHONE MATLOCK 741 
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HOT ROLLED STEEL BARS 


Round ¢ Square ¢ Flat 
Ferro-Concrete Bars bent to Specification 


HOT ROLLED STEEL 
HOOPS AND STRIP 


Coils or cut lengths 


COLD ROLLED 


Speciality: 


STEEL STRIP VERY HEAVY 


in all qualities including CONTINUOUS 


Special Deep Stamping LENGTH 
in cut lengths or coils COILS 
Electro-Galvanised Strip 


THE WHITEHEAD IRON & STEEL CO LTD 
Phone: 6540] (P.B.X.) NEWPORT MON Grams: Whitehead Newport 


LONDON OFFICE BIRMINGHAM OFFICE GLASGOW OFPICE MANCHESTER OFFICE 
STEEL HOUSE, KING EDWARD HOUSE 50 WELLINGTON STREET, CHRONICLE BUILDINGS 
TOTHILL STREET, S.W.1 NEW STREET, BIRMINGHAM, 2 GLASGOW, C.2 MANCHESTER 
Telegrams Telegrams Telegrams Telegrams 
WHITEDSTEL, PARL, LONDON WHITEDSTEL, BIRMINGHAM WHITEDSTEL, GLASGOW WHITEDSTEL, MANCHESTER 


Telephone: Telephone Telephone Telephone: 
WHITEHALL 2984 MIDLAND 0412-3 CENTRAL 1526 BLACKFRIARS 1603-4 
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FOR 
HIGH DUTY 
AND 
MALLEABLE 
CASTINGS 





The seven standard grades of Stanton Dale Refined Pig Iron 





GRADES: 2 B [ D E F G 





SILICON% 1-9-2-1 1:-4-1-6  0-9-1-1 | 2-25-2:5 0-9-1:1 | 1:-4-1-6 | 1:9-2-1 





SULPHUR®,, 0-06 0-07 0-08 0-05 0-08 0-07 0-06 





PHOSPHORUS, 0-6-0-7 0-6-0-7 0-6-0:7 0-4-0:5 0-25 0-25 0-25 








MANGANESE%, | 0-8-1-5 | 0:8-1-5 | 0-8-1-5 | 0-8-4-5 | 0:8-1-5 | 0-8-1-5 | 0-8-4-5 
TOTALCARBON%, | | 2-7-3:0 2-83-41 : 





In addition to the above other grades of Dale Refined Iron can be 
supplied to meet more exacting demands which call for alloy additions 
and special processing. 


THE STANTON IRONWORKS COMPANY LIMITED NEAR NOTTINGHAM 
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GOPPEE wylene washer 


- 
ms? 


THE COPPEE COMPANY (GREAT BRITAIN) LIMITED 


VCOPPEE, NORPHONE, LONDON 
GLASGOW: 12! DOUGLAS STREET, C.2 
LONDON W.1 Telephone: HYDe Park 680! NEWCASTLE-ON-TYNE : MANSION HOUSE CHAMBERS, THE CLOSE 


COPPEE HOUSE - 140 PICCADILLY 
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COMPLETED LININGS TO 

















TATTERSALL 


REFRACTORY CONTRACTORS WM I[)[)| ESRROUGH 


137 SOUTHFIELD ROAD 


64 BLAST FURNACES 
120 HOT BLAST STOVES 


62 STEEL MELTING 
FURNACES 


STAFF: 250 MEN, includes— 
100 FURNACE BRICKLAYERS 


Telephone 2320 











The Determination of Nitrogen 
in Steel 


Great interest has always been shown in the role of nitrogen in determining 


the properties of ferrous alloys. Reliable and accurate methods are therefore 
necessary for determining the content of this element in alloys. 
The establishment of the reproducibility and accuracy of analytical methods 


to serve as routine or reference procedures for the many alloys now produced 


is a major undertaking. It was for this reason that the Nitrogen Group of 


the Steelmaking Division of the British Iron and Steel Research Association 
was set up eight years ago. The Report of the Group has now been published 
as No. 62 in The Iron and Steel Institute’s Special Report Series. The 
information it contains will be of inestimable value to all those ‘nterested in 
this subject. 

The Report, which comprises 160 quarto pages and a number of illustrations, 
is bound in cloth with stiff covers, and costs £1 17s. 6d. (Members £1 5s. Od.). 


It may be obtained trom: 
The Secretary, 
The Iron and Steel Institute, 


4 Grosvenor Gardens, 
London, S.W.1 





= 
Special Report 
No. 62 
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GRIFFIN BRAND 


<= Z P ats 
wy tess Sat 1 





Light and Heavy industry are served 
by GRIFFIN BRAND Steel Sheets 
Black, Galvanised, Flat and Corrugated. 


have the largest general Galvanizing 
Plant in Great Britain. 


wk We make the widest Steel Sheets and 


Metal Spraying by the most up-to-date 


methods done in our works or “in situ 





Metals deposited include: Zinc, Tin, 
Aluminium, Copper, and all its alloys, 
Cadmium, Monel Metal, etc. 




















and McLean hid. 


179 WEST GEORGE STREET, 


GLASGOW, C.2 
Tel.: CENtral 0442 'Grams: CIVILITY, Glasgow 
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No. 5 blast furnace at Margam 


designed, manufactured & erected for 


The Steel Company of Wales 
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AV TVERTES, REO OY ERE 
ASHMORE, BENSON, PEASE & COMPANY LIMITED 


STOCKTON-ON-TEES ANDO LONDON 


DAVY-ASHMORE GROUP 


MELBOURNE JOHANNESBURG ’ BOMBAY 





LAMBERTON 
steel works plant 


heavy duty sliding frame hot saw 


with spiral bevel drive from 250 h.p. motor 


variable speed hydraulic feed. 


Lamberton & Co. Ltd - Coatbridge - Scotland 








